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Studies on the Mouse Mammary Tumor Agent” 


I. [The Agent in Blood and Other Tissues in Relation to 
the Physiologic or Endocrine State of the Donor 


KATHARINE P. HuUMMEL, PH.D., AND C. C. Litre, Sc.D., witH THE ASSISTANCE OF 
Marie ANGELotTTI, Mary Eppy, AND ANNE [TILTON 


(From the Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine) 


The agent present in the milk of mice of high 
mammary tumor strains, first noted by Bittner 
(5), has been found in spontaneous and trans- 
planted mammary tumors, lactating mammary 
glands, thymus, spleen, Harderian gland, liver, 
whole blood, blood cells, and serum, according to 
recent reviews (2, 7, 9), and in seminal vesicles (4). 
Although the activity of the agent in the blood as 
determined by tumor development in suitable test 
animals is less than that in spontaneous tumors or 
lactating mammary glands (9), no comparisons of 
the activity among blood and other tissues of ani- 
mals of different sex and-in different states of 
physiologic and endocrine activity have been re- 
ported. 

Studies devised to make such comparisons were 
commenced in 1945. All experiments were termi- 
nated abruptly by the fire which destroyed the 
animal colonies in this laboratory in October, 1947. 
Those experiments which had proceeded far 
enough to give preliminary evidence are reported 
here. 

MATERIALS AND METHODS 


Donors were animals from colonies of Jax 
strains dba 1, C3H, and A. Mammary tumor in- 
cidences in the breeding colonies are given in 
Table 1. Records of tumor incidence in the C3H 


* Assisted by grants from the Jane Coffin Childs Memorial 
Fund for Medical Research, the American Cancer Society on 
the recommendation of the Committee on Growth of the Na- 
tional Research Council, and the National Cancer Institute of 
the National Institute of Health, United States Public Health 
Service. 


donors are not available, but the animals used 
were known to come from a high tumor line. It 
will be noted that the incidence of mammary 
tumors in the dba strain is not so high as that re- 
ported for other colonies (6, 10). 

Test animals were 1- to 30-day-old females of 
stocks listed below, genetically susceptible to, but 
lacking, the agent. 


1. C (B alb C), an inbred strain highly susceptible to 
the agent but not harboring it normally (1, 3). 

2. D, a strain derived by 25 generations of brother- 
sister matings of the descendants of a pair of ova 
transplant mice (dba ova in C57 Black uterus) that 
nursed their C57 Black foster-mother. This strain 
was lost in the fire. 

. Bd, hybrids from mating C57 Black females to dba 
males. 
. CXC3H, hybrids from mating C females to C3H 


males. 


Blood was taken into a citrated syringe from the 
inferior vena cava of anesthetized animals and 
used as whole blood or separated by centrifugation 
into cells and plasma. Other tissues were ground in 
a glass homogenizer or passed through a tissue 
press equipped with a fine-mesh wire screen. Inoc- 
ulations were intraperitoneal unless otherwise 
noted. Dilutions and amounts inoculated are given 
under each experiment. 

After weaning, the test animals were mated and 
allowed to have litters in rapid succession (force- 
bred). Observations were made at weekly inter- 
vals, tumors being noted as appearing on the date 
when first palpable. Histological examinations and 
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diagnoses were made in most cases, although a few 
tissues were lost. No undiagnosed tumor that 
seemed questionable grossly because of size or lo- 
cation is included in the results. Diagnoses were 
made by Miss Elizabeth Fekete and Dr. Arthur 
Cloudman. 

Controls were, in most cases, uninoculated fe- 
males bred and observed in the same way as the 
inoculated test animals. 

The animals listed in the tables of results include 
only those which survived to tumor age as deter- 
mined by the age of the first animal to develop a 
tumor (see Table 6). The nontumorous animals 
include those killed in the fire. Ages are given in 
days unless otherwise noted. 


TABLE 1 


MAMMARY TUMOR INCIDENCES IN THE BREEDING 
COLONIES OF DONOR MICE 


MAMMARY GLAND TUMORS DIED NONTUMOROUS 


MIcE Per Av. age Av. age 

Strain No. No. cent (months) No. (months) 
A, breeding 72 39 54 9.9 33 13.4 
A, virgin 50 1 2 11.0 49 14.8 
dba 1, breeding 60 19 38 11.7 41 13.8 
dba 1, virgin 52 3 5 14.0 49 14.2 


OBSERVATIONS AND RESULTS 


EXPERIMENT [ 

Comparison of the agent in blood, liver, and 
spleen. 

Donors.—Experimental = dba 1 males, 2 
months old. Control = D males, 2 months old. 

Test animals.—Experimental and control = 
D females, 3 to 4 weeks old. 

Methods.—Series I: Clotted blood, liver, and 
spleen were inoculated subcutaneously by trocar. 
Series II: Whole blood, and liver and spleen 
through the tissue press, were diluted 1:1 with dis- 
tilled water and 0.5 ec. was inoculated subcutane- 
ously or intraperitoneally. Results are given in 
Table 2. 

Discussion.—Although Bittner (8, 9) has shown 
that the agent is carried with the cells of the blood 
and Woolley, Law, and Little (11) that subcutane- 
ous inoculation of whole blood gives rise to tumors, 
clotted blood as used in Series I and representing 
approximately as much blood as was inoculated in 
Series II did not transfer the agent to the test 
animals. Approximately the same percentage re- 
covery of the agent, as determined by tumor in- 
cidence in the test animals, from blood, liver, and 
spleen is noted in Series II. This suggests that 
these organs may carry the agent only by virtue 
of their contained blood. Series I does not confirm 
this and indicates that the spleen is a better vehicle 
for the agent when inoculated subcutaneously 





than is the liver. The 97 control mice were inocu- 
lated with tissues from donors genetically identical 
with those (dba) used for experimental donors. No 
tumors arose in the controls, in contrast to 13 
tumors in 104 experimental animals. This is evi- 
dence that the D strain was agent-free. 


CONTROLS FOR EXPERIMENTS II To V 


Uninoculated females were used as controls for 
all other experiments. The tumor incidences in 
these presumably agent-free animals are given in 
Table 3. 

The two mammary tumors which appeared in 
unrelated females of the D strain (F19 and F20) 
were tested for presence of the agent by filtration 
through Seitz and Berkefeld filters and inoculation 
into C, C XC3H, and D test animals. The test ani- 
mals for one of these tumors (H1037) were tumor- 
free at an average age of 325.9 days. The average 
age of agent-induced tumors in these stocks of test 
animals was 309 days (Table 6), indicating that 
tumor H1037 arose in the absence of the agent. 
The test animals inoculated with filtrates of the 
second tumor, H2080, lived to an average age of 
only 247 days. 


' EXPERIMENT II 


Comparison of the agent in whole blood, sepa- 
rated cells, and plasma. 

Donors.—Dilute brown (dba 1) females, 7 to 9 
months of age, from the breeding colony. Some of 
these were in early pregnancy, some in lactation, 
and some had spontaneous mammary tumors. An 
analysis according to the physiological state of the 
donor is given in Table 8. 

Test anumals.—C, D, Bd, and C XC3H, 1 to 21 
days old. 

Controls.—Same 
Table 3). 

Methods.—Whole blood was diluted 1:1 with 
distilled water, cells were separated, washed sev- 
eral times with 0.85 per cent NaCl, and inoculated 
undiluted, and diluted 1:1 or 1:2 with saline. Plas- 
ma was diluted 1:2 to 1:1000. Inoculations of 0.1 
to 0.5 ec. were given intraperitoneally for the most 
part. Results are given in Table 4. 

Discussion.—It is clear from the table that the 
agent is transferred with the blood cells. This has 
been shown by Bittner (8), whose data disagree 
with ours in respect to plasma, from which he se- 
cured tumor incidences of 50 and 36 per cent in 
test animals. Studies are being continued to deter- 
mine whether hemolysis releases the agent into the 
serum or the plasma. Our limited data show no 
difference in tumor incidence according to dilution 
or amount of blood cells inoculated. 


stocks uninoculated (see 








No. 
INOCULANT DQ 
Exper.: 
Blood clot 17 
Liver 17 
Spleen 17 
Control: 
Blood clot 15 
Liver 13 
Spleen 16 
Exper.: 
Blood 16 
Liver 17 
Spleen 20 
Control: 
Blood 17 
Liver 18 
Spleen 18 
MICE 
Stock No. 
CX C38H 54 
D 80 
C 98 
Bd 27 
Total 259 
Mice 
INOCULANT Stock No. 
Whole blood C 3 
D 4 
Bd 15 
Total 292 
Separated cells  C 7 
D 8 
Bd 49 
Total 64 
Plasma 1:2 Bd 9 
1:10 Cx C3H 5 
1:100 Cx C3H 10 
1:1000 CxXC3H 5 
Total 29 


TABLE 2 


EXPERIMENT I. SUMMARY OF RESULTS 


MAMMARY GLAND TUMORS 


No. 


Per cent Av. age 

Series I 

5.8 232 

23.5 436 
SERIES II 

18.7 463 

11.7 426 

15.0 407 


TABLE 3 


NONTUMOROUS 


No. 


13 
15 
17 


17 
18 
18 


Av. age No. 
383 .1 4 
365.1 1 
390.3 5 
421.7 3 
439 .7 + 
451.1 7 
449 .9 1 
377 2 
390 .3 0 
446 .5 3 
504.7 9 
492.6 7 


CONTROLS FOR EXPERIMENTS II TO V 





No. 


0 
2 
0 
0 


2 


MAMMARY GLAND TUMORS 


Per cent Av. age 
2.5 417 
0.7 417 


TABLE 4 





EXPERIMENT II. SUMMARY OF RESULTS 


No. Per cent Av. age 

0 

1 25 238 

5 33 449 

6 Q7 414 

0 

2 25 282 
15 30 395 
17 26.5 381.6 

1 11.0 489 

Q 

Q 

0 

1 3.4 489 


MAMMARY GLAND TUMORS 





DIED IN FIRE 


Av. age 


DIED NONTUMOROUS 


Av. age 
297 .6 
495.3 
454 .0 
628 





392.5 


NONTUMOROUS 


No. 
3 
3 

10 


_= 


16 
7: 
6 

34 


47 





Av. age 
517 
347 .6 
582.5 








Range 
227-361 
245-833 
270-570 
372-731 





227-833 


DIED IN FIRE 





No. Av. age 
584. 
9 584 
2 576 
0 
27 554.9 
29 556.4 
6 536 
5) 
10} 370.2 
5) 
26 408 .5 





Se 


exponen Ul 

A comparison of the agent in blood and placen 
tas of fomales in late pregnaney (16 to TS days) 
and the blood of their fetuses, 

Donors, Four CSE and tA female in third or 
fourth pregnaney (2 of the CSE females had spon 
taneous mammary tumors), 

Test animals. CLD, Bd, CX CST females, 6 to 
20 dave old, 

Controls. 
‘Table §), 


Same stocks,  unmoculated (Noe 
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mor strain mothers, tis not surprising: Chat the 
agent is not demonstrable in the fetal blood. Tt has 
been supyested that the placenta may serve as a 
filter for the agent, Phese data show that itis not 
a filler in the sense of storing the agent. Phat it 
may neutralize or tahibit the agent is indieated by 
the apparent tnek of the agent im the blood of 
pregnant antmals, Fora further discussion of the 
possible role of the placenta see Experiment V, 
Other investigations on the presence of the agent 
In blood duirtng pregmaney are ta progress, 


TABLEE 3 


EXPERIMENT PER SUMMARY OF RESULRS 





Niacin NPAMMAtEY GEAND AV. Agi Dime oN wetee 
INOOTELAN' Stock No, Vu Motte A) RAH No VV. age 
Adult blood cells (° i] () iD th 
al 4 () si oS vt 
I> is 0) “51 2 | 
CXCSH th 0) VAS O ib 
Total Th () S70 bs SHd 
Adult plasma ( 8 0 WOH @ 
Bal ( () 127 ib 
otal 14 () bin Y 4 0 
Placenta % ) 0) ies 4 
Bal Th 0 On 8 4 
CX CSH tb () Vel h 
Total v5 (0) S47 4 v1 O70 
Fetal cells (" t () bh 7 a 
Ral 4 () 1 7 
CX CSH | 0 26% | 
Total S () bi4 7 2 | 
Fetal plasma . $ 0 175.6 4 
Bal ‘) 0 1S 8 Ty) 
Total 12 0 128 5 11 134.7 
Methods.-Blood from = fetuses was secured ExperiMENtT LV 


either from the thoracic cavity or by cutting off 
their heads. Blood was moculated as separated 
cells or plasma diluted 1:1 or 1:10 with saline. The 
placentas were homogenized and diluted 1:1 or 
1:10 with saline and inoculated either whole or as 
the supernate after centrifugation. Inoculations of 
0.1 to 0.5 ce. were given. Results are given in 


Comparison of the agent in blood and mam- 
mary glands (mammary gland milk) of females in 
TABLE 6 
RESULTS CONTRASTED WITH THE AVERAGE AGE OF 
ALL AGEN'T-INDUCED ‘TUMORS 


ExperiMent IT] 


AGENT-INDUCED ‘TUMOKMS 


Av. age Tumor Age 

Table d. STOCK No at death No. Av. age = Range 
. . . . ns , bs AAS é he Y é ; 5 
Discussion.—Seventy-five per cent of these ani- — $ 35 445.4 4 205.4 167-50 

. ; : . . Bad 59 SOL .6 265 411.6 276-558 
mals were alive just before the fire, with an aver- 7) 18-8512 16 «$90.1 216-680 
age age of 400 days. They developed no tumors, CXCS8H IS 255.1 17 254.5 192-320 

y y » — » Ly » Tor. 

although many of them had lived beyond the avert -_ mas a. sas eal 


age tumor age for agent-induced tumors in these 
same stocks, as may be seen in Table 6. 

Since it is well known that young mice born to 
high tumor strain mothers do not usually develop 
mammary tumors when foster-nursed to low tu- 


lactation and in the stomach contents (stomach 
milk) of their nursing young. 


Donors.- 


young. 


A and C38H, nursing 4- to 11-day 








Ilumnmun ef al, 


Test anumals, CLD, Bay and CX CSE 8 to 24 
days old, 
Controls, Same stocks, unimoculated (see 


Table $), 
Methods, 


Blood was used as whole or as sepa 


Mouse Mammary Tumor Agent, 1 


35 


where no tamors had appeared in the animals at 
mnavernge age of 400 days, The agent in seen to he 
less netive in blood than in mammary gland or 
Nlommch milk. Phe latter in shown to be a good 
source OF the agent, which has not been reported 


rated cells, diluted Eitoor bo tO with water or previously, 
TABLE 7 
MAPMMIMENT TV. SUMMARY OF TERSUEL Ds 
Mien MAMMAWY GELAMED TE MEnee Nope ve Merete ldimn ie wine 
PNenh ANY have Nu Nu ev cont Vv. ume New Av. ame Nu Av, wwe 
levered b wit () ats “a0 14 “au 4 
al h () h wie h v2 
1) | () | aye ’ w72 
(' c's h 7, Ww ith tf vii tf “vii 
Total th ! how vata | a ‘HOt 27 404 
Mistnmnary plone coith ; ee j aL W714 if ‘Oh 4 1" WA 
) \ () 4 wih 7 4 ah 7 
(C's ('shf +4 , “7 fh 24 5 h viH 4 h “iH A 
Total th (j i7 6 W471 D4 vis 1 2 ‘2404 
Stevnraete oath (' it ” iv bf 87H 6 14 “40 6 i] “2 0 
Hal | () | 76 | 276 
1) 1 () 4 ChA (5 aww 
(xX C'sif ih () TL vH | (j 24 (5 ais 
Total AO 11 87 07 v() 407 0 2A ‘40 
TABLE # 
MXPENRIMENT Vo SUMMARY OF RESULTS 
MAMMAKY GLAND TUMOt Non TrumMomnin Dien im vine 
No, Mien No Per cent Av. ape No Av. aye No, Av. age 
Miso fiemeot 
cs" it 4 in 7 ADS 15 AAD 0 j htt 
Nonpreg. ¥ AD 1) a) 4 SHY 4) HO % Wy hi 
Karly preg. 9 W7 17 6 VOI 14 M6 4 12 ADD 
Lute preg. & Gi* () I 870 4 “HI 6 
Nursing & 42 h 11 5 ‘$2 47 Hi5i 60) 424 
O with cancer iG 7 AN 7 SHY {) A745 @ 4 520 
PLARMA DONC 
Nonpreg. & 20) () 20) S70 2 2A) S702 
Late preg. & 14| () 14 AIS 2% a) AM) 
Nursing & g I 50 2h j 265 | 26% 
9 with cancer 1) | 11] AIG rat 506 6 ( 546 


* Twenty-nine of these OF test animals received blood from cancer-hbearing donors and died nontumorous at an average 


age of 406.5 days, 


(Three of these 14 test animals received plasma from cancer-bearing donors and died nontumorous at an average age 


of SH2 days. 


saline. Mammary glands were passed through a 
tissue press and diluted 1:5 or 1:10 with water or 
saline, the supernate after centrifugation being 
used. Stomach milk was mixed 1:5 or 1:10 with 
water or saline and centrifuged. Inoculations of 
0.2 cc. of the supernatant fluid were given. Re- 
sults are given in Table 7. 
Discussion.Seventy-two per cent of these 
animals, average age 300 days, were alive just be- 
fore the fire. Tumors were induced with all inocu- 
lants, in contrast to results of Experiment ITI, 


KM xpenimMeNtT V 

A comparison of the agent in the blood of males 
and of females in different physiologic or endocrine 
states (summary from Experiments IL-TV plus ad- 
ditional data). 

Donors.— (1) Dha males, 2 months old; (2) non- 
pregnant dba 1 females from breeding colony; 
(3) dba 1 and C3H females in early pregnancy (8 
to 10 days); (4) C3H and A females in late preg- 
nancy (16 to 18 days); (5) dha 1, C3H, and A 
females in lactation; and (6) dba 1 females 








is 


WILL spontaneous tumors (iol pregnant, not nurs 
bingy), 
Vest animals 
lL to SO dave old, 
Controls, 
Methods, Blood tneludes whole and separated 
cells, as distinguished: from: plasma, Results are 
wiven tn Pable &, 
Discusston, 


Co, Beals and COX CSEL females, 


Same stocks (see Tables @ and §), 


It seem cloar from: these cata that 
the agent is recovered tn greatest amount from the 
blood of females with spontaneous mammary to 
mors. As twooof the five donors tn lite pregnanes 
bore spontaneous tumors, this all the more re 
marhkable that none of the test antmals developed 
orate Comoran ts farther evidenee that the 
vebivity of the agent is in some way inhibited or 
neutralived in the blood curing later stages of 
pregnaney, Stnece blood from antimals in early 
pregnaney before the placenta is well developed 
carries the agent, it seems probable that) the 
placenta is the site of the neutralization or tahibe 
tion, Further evidence of this funetion of the 
placenta will be given in the second report in this 
series of studies, 
SUMMARY 

Blood, whole or separated into cells and plasma, 
nnd other tissues were inoculated into suitable test 
animals, “Phe blood, exeept as itis from females 
with spontaneous mammary cancers, isa relative 
ly poor source of the mammary tumor agent, The 
agent is present in very small amounts in plasma, 
as compared with the cell fraction, Phere is evi 
dence that the spleen and liver contain the agent 
only by virtue of their contained blood, although 


Cancer Research 


the spleen isa better source when tmoeulited sub 
culaneousty Chan is the diver, Phe agent was not 
from clotted Fetal 
Wither the agent in not present, or its 


recovered bolevcnel, lolevcned, or 
prlenerernatan 
nelivity is inhibited tn blood duartag late pregian 
ey. Stomach math from be to Plday old mice is 


shown bo dre a prevcrel souree of the npenl 
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studics on the Mouse Mammary Tumor Agent’ 


ll. The Neutralization of the 


Agent by Placenta 


KATHARINE P. blomMen, Prd, CLC. 


livin, Sc.D, Ano Mary S. lovy, B.A. 


(Prom the loaoe he Jackaon Memorial Laboratory, bar Warhor, Maine) 


Hhoas well known Chat mee born to high oan 
mary tomorstrain females willhave alow memdence 
of TUTE lismmorn af suckled ly low limnorstraim 
foster mothers, The agent present im math Ob), 
blood (3), and most tissues of high manmnmary tu 
mor stram mice (2) apparently does not pass the 
placental barrier and mfeet the young mm alero, In 
an carter paper we reported that the agent is 
present in the blood of all high Cumor strain an 
mals except Chose in late pregnancy, As the agent 
is present in the blood in carly pregnaney, i 
sccHms probable that the mature placenta is the 
stile ol the neutralization or inhibition of the agent. 
ALthe same time Chat the agent in blood was beimy 
shied, an investipation of the role of the placenta 
In blocking the passage of the agent was in prog 
ress. ‘This report presents further evidence that 
this role is one of neutralization or inhibition, 


MATERIALS AND METHODS 


The mammary tumor agent was inoculated into 
lest animals as a cell-free fillrate (Seitz and Berke 
feld) of sSpontancous mammary carcinomas of C3T 
females diluted 1: 100 with physiological saline. 
Test animals were mostly © (Bo alb ©) females 
about LO days old. Inoculations of 0.1 to 0.2 ce. 
were given Intraperitoneally. 

Near-term placentas and livers of C3H, A, and 
dba animals were passed through a tissue press 
equipped with a fine-mesh wire sereen and diluted 
I: 1 with the filtrate. After thorough mixing, the 
extracts were allowed to stand at room tempera- 
ture for | hour. Intraperitoneal inoculations of 0.2 
to 0.4 ce. were given the test animals. 

Placenta and liver through the tissue press and 
diluted 1:1 with saline or water were inoculated 


* Assisted by grants from the Jane Coffin Childs Memorial 
Fund for Medical Research, the American Cancer Society on 
the recommendation of the Committee on Growth of the Na- 
tional Research Council, and the National Cancer Institute 
of the National Institute of Health, United States Public 
Health Service. 


mObto O5-ce, doses into , a, CYCSH, sane 
Dtewt annals, Ba were hybrids from mating C57 
Black females and dba males, C+ COL from mat 
my females to COPD males, while D was a strain 
originating froma par ofova transplant dba (dba 
ova into (O77 Black uterus, nursed C57 Black). 

The inoculated antnals were bred and observed 
reyularly for the appearance of mammary tamors. 
Most of the tumors were fixed, sectioned, and ex 
mined histologically, Three that were lost and 
nol diagnosed are included among the data, as they 
seemed to be unquestionably mammary in origin. 
Diagnoses were made by Miss Mlizaheth Kekete. 

Controls were D females inoculated with liver 
of avent-free Do mice, and uninoculated ©, D, Bd, 
and (XC females bred and observed in the 
dame way as the experimental annals, 


RESULTS 
The results are given in Table 1. Only those 
animals that lived to tumor age (167 days) are in 
cluded. Ages are given in days. Those dying non- 
Lumorous include those killed in the fire of 
October, 1947. 


DISCUSSION 


As Way he seen in Table 1, the filtrate alone in- 
duced tumors in a higher percentage of animals 
than when mixed with either liver or placenta. 
Liver of high mammary tumor strain animals car- 
ries the agent, as has been stated by Bittner (2) 
and shown also in Experiment I of Study I of this 
series. When minced liver tissue is mixed and in- 
cubated with the agent in a filtrate, the ability of 
the agent to induce tumors is decreased from 36 
to 16.6 per cent, possibly by the autolytic proc- 
esses going on in the tissue. That the agent in 
blood passing through the living liver is not neu- 
tralized is shown by our earlier experiments 
(Study I, Experiment V), where the agent was re- 
covered from the blood of males, of females in 
early pregnancy and lactation, and of nonpregnant 
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fomates, The activity of the agent in filtrate os 
lowered from 86 to 38.5 per cent when the filtrate 
in mixed and meubated with mineed placenta, 
That some of the decrease in activity of the agent 
In again due to autolytie processes is probably as 
true here as in the case of the liver, Llowever, since 
the agent was not recovered from the blood of fe 
males in late pregnaney (Study LT, Experiment V) 
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minced liver, induced tumors in 16.6 per cent of 
moctlated antials, This is interpreted as due to 
the autolytic processes going on in the mineed tis: 
sue, and evidence is presented that no great in. 
hibition of the agent takes place in the livers of 
living antoalds, Phe fillrate mixed) with) minced 
placentas taduced tumors in $.5 per cent of the 
inoculated animals, Some of this decrease in ae 


TABLE 1 


SUMMARY OF RESULTS 


NEAMMAHEY GHEANDD PEMCOON 


Di nute NOON PEE MCRRtCOt Dimi iN weten 


INOOUEANT Noy Mie No, Per event Av. age No \v. age No Av. ape 
Miltrate ‘3 v0 aL HHe 5 45 10 He V7 
Placenta i”) () i) Att) is ALLL 
Miltrate and placenta YS \ a Sh v7 bid 24 bet 
Laver (CSE and A) vt 2 7.7 beth v4 bo i) bot 
Miltrate and liver is 8 lag @87 TD how WN bist 
CON THOS 
Liver (D) is ( is Hors 
Uninoculated vio 2 0.7 b17 @57 Hoe Sf 


and since the placenta is an organ through which 
the blood passes and which is present only in the 
later stages of pregnancy, it seems most likely that 
the placenta actively removes the agent. Phat it 
is not simply stored in the placenta is shown by the 
fact that it cannot be transferred with the placen 
ta. The loss of agent from the blood thus may be 
due to a neutralizing effect taking place within the 
placenta, 


SUMMARY 


A filtrate of spontaneous mammary tumor in- 
duced tumors in 36 per cent of the moculated ani. 
mals. ‘The filtrate, mixed and incubated with 


tivity is probably due to autolysis; but, as blood 
In females in late pregnancy apparently carries 
none of the agent, the evidence seems to indicate 
that the placenta actively destroys or inhibits the 
agent, 
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and Propagation of the Agent in 
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“Although spontaneous tumors have been found 

lo be a good source of the mammary tumor agent, 
transplanted tumor tissue is a relatively poor 
souree, aeeording to Barnum, Ball, and Bittner 
(4). Llowever, Bittner, Mvans, and Green (5) re 
ported that the agent inta CSP mammary car 
chnoma survived LO serial transfers ino imice not 
originally carrying the agent. Bittner (6) also 
found that the agent survived in) transplanted 
tumors for at least LO passages in C57 Black mice 
without the agent. Andervont (3), on the con 
trary, found no survival of the avent after the 
third and twenty-third passages of a C3EDP tumor 
through mice without the agent. 

This study was intended to investigate the 
problem of the survival of the agent in mammary 
Lumors carried indefinitely by transplant in mice 
without the agent. At the same time, the problem 
of the transfer of the agent from growing tumor 
cells to the host animal was being studied. Ander- 
vont (1) attempted to infect young mice by grow- 
Ing mammary tumor cells within their tissues for 
a short time, but without much success, and he 
concluded that cutaneous growth of tumor cells 
was not an effective way to transfer the agent. 
Our study of these problems was not completed 
and no results were secured beyond the tenth 
transfer of the tumor because of the accidental 
death of all animals in this laboratory. 


MATERIALS AND METHODS 
A spontaneous mammary adenocarcinoma, 
H666, which appeared in a mouse of the A strain, 


* Assisted by grants from the Jane Coffin Childs Memorial 
Fund for Medical Research, the American Cancer Society on the 
recommendation of the Committee on Growth of the National 
Research Council, and the National Cancer Institute of the 
National Institute of Health, United States Public Health 
Service. 


was carried by transplant for 34 generations in 
BA male mice These were hybrids from the mat- 
ny of C57 Black females and A males and were 
presumably agent-free, Mxtracts of the tumor at 
first, fifth, tenth, and twenty-fifth transplant were 
inoculated intraperitoneally in 3-week-old © 
(Balb ©) females which will not grow A tumors but 
are susceptible to the mammary tumor agent. 
Small pieces of the tumor of the same transplant 
yeneralions were inserted under the skin of the 
cars of BA females. The ear with the tumor was 
amputated when the tumor grew progressively. 

The inoculated BA and C females were mated to 
A and © males, respectively, bred, and observed 
for appearance of mammary tumors. Some few of 
the descendants which were ABC and C were 
saved. Controls were C, BA, and ABC uninoculat- 
ced females. 

Tumors were diagnosed histologically by Miss 
Klizabeth Fekete. 

RESULTS 

Results are given in Table 1. Only those animals 
that lived to tumor age (8 months) are included. 
Ages in all cases are given in months. 

Of the tumors grafted subcutaneously in ears of 
BA females, 34 grew progressively and were re- 
moved with amputation of the ear. The other 32 
grew for a time and regressed. Two animals with 
amputated ears developed tumors (5.8 per cent) at 
13 and 8 months, while 4 of the animals with re- 
gressed grafts (12.5 per cent) had tumors at an 
average age of 9.5 months. 

In the descendants of the BA females, first 
transplant, 2 of 13 (15.4 per cent) had tumors. 
These were littermates born to a nontumorous BA 
with an amputated ear. A third littermate was 
tumor-free at 18 months. The other 10, nontumor- 
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ous at 17 or 18 months, were: 6 from an ear-ampu- 
tated female, tumorous at 18 months, and 4 from 
2 ear-amputated females, nontumorous at 17 and 
20 months. There were 12 descendants of BA fe- 
males receiving fifth-transplant grafts. All were 
from nontumorous mothers whose ears had been 
amputated and all were tumor-free at an average 
age of 15 months. No descendants of females re- 
ceiving tenth-transplant tumors were saved. 

Of the 18 C females inoculated with tumor ex- 
tract, 4, or 22 per cent, had tumors at an average 
age of 10 months. Four (80 per cent) of 5 descend- 
ants of C’s inoculated with first transplant devel- 
oped tumors at an average age of 9.5 months. ‘Two 
of these were the young of the female with a tumor 
at 13 months. A littermate was tumor-free at 17 
months. The other two were offspring of a female 
that died with lymphoblastoma at 19 months. 
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‘Tumor incidence in animals in which the tumor 
grew a relatively short time is low. Whether this 
is due to the cutaneous growth of tumor cells (1), 
to the fact that the agent came from a poor and 
unreliable source, i.e., transplanted tumor (4), or 
to the length of the time allowed for tumor cell 
growth cannot be determined from these data. 
Further investigation of the transfer of the agent 
from tumor cells grown for a short time in the tis- 
sues of test animals is under way. 


SUMMARY 


A spontaneous mammary adenocarcinoma of 
an A strain female was transplanted through 34 
passages In mice without the agent. The agent was 
present in the tumor after the first, fifth, and tenth 
passages, as shown by the development of tumors 


TABLE 1 
SUMMARY OF RESULTS 


TRANSPLANT Stock or No. oF MAMMARY GLAND TUMORS 
GENERA TION MICE MICE No. Per cent Av. age 
First C 6 1 16.6 13 
BA 18 2 ll 10 
Fifth C 5 0 
BA 24 2 $8.3 11.5 
Tenth ’ 7 3 43 9.3 
BA 24 2 8.3 8 
Control & 98 0 
BA 101 2 2 14.2 
ABC 20 0 


Two (66 per cent) of 3 descendants of the fifth 
transplant inoculated C females had tumors, al- 
though none of the inoculated females showed 
tumors at an average age of 13 months. 

Ten C females and 29 BA females inoculated or 
grafted with tumors of the twenty-fifth transplant 
were only 7 months old at the time of the fire, and 
none had developed a tumor. 


DISCUSSION 
These results confirm the observations of Bitt- 
ner (5, 6) that the agent survives in a tumor trans- 
planted for 10 generations in mice without the 
agent. The agent is shown here to be present in 
the first, fifth, and tenth transplants in sufficient 
quantity to induce tumors when inoculated as an 


extract or when the transplant is grown in the tis- 


sues of the host. That the agent is propagated in 
the C females is shown by the high percentage (75 
per cent) of tumors occurring in the limited num- 
ber (8) of offspring saved. Andervont (2) has 


shown that this ability to propagate the agent Is a 
characteristic of the C strain. Propagation of the 


agent in BA females seems questionable. 


DerscENDANTS 


NONTUMOROUS MICE tu+ tu— 

No. Av. age No. Av. age No. Av. age 
5 18.6 4 9.5 1 17 

16 18.6 Q 13 11 17 
5 13.4 Q 10 1 16 

22 19.1 Q 12 15 
4 12 

22 15.5 

98 15 

99 18.7 

20 17 


in suitable test animals that had been inoculated 
with extracts of the tumor. The agent was trans- 
ferred to the host tissues from tumor cells grown 
a short time in the ears of mice not having the 
agent, and it induced mammary gland tumors in 
some of these hosts. 
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INTRODUCTION 

Materials which on administration to tumor 
hosts will localize in tumor tissues have been 
sought for many years (1, 2, 6, 9-14, 20). If such a 
localizing material could be found, radioactive 
atoms might be incorporated into it to provide a 
diagnostic tool or possibly a therapeutic agent. 
Search for such a material was begun here some 
years ago (1), and the present report is a continua- 
tion of that work. A radioactive dye was prepared 
by the reaction of diazotized trypan blue with 
sodium radioiodide 131 (Nal*). This was adminis- 
tered intravenously to mice bearing transplanted 
tumors, and the distribution of the radioactivity in 
their tissues was measured. 

Preparation and analysis of the radioactive dye.— 
The dye used for injection was a mixture of com- 
pounds resulting from the replacement of the ami- 
no groups of trypan blue with iodine! or hydroxyl 
groups. It was prepared by synthesizing trypan 
blue from H-acid and ortho-tolidine (8), then re- 
placing the amino groups by use of the Sandmeyer 
reaction. The method of synthesis employed was 
that recommended by Bloch and Ray (1), using 
1 millimole of trypan blue, approximately 3.5 milli- 
curies of radioactive iodine (I*),? and 2 millimoles 
of sodium iodide which was added after the radio- 
active iodide. The crude dye thus prepared was 
reprecipitated four times, each time by dissolving 


* Aided by grants from the American Cancer Society 
(Hamilton County Branch), the Jane Coffin Childs Memorial 
Fund for Medical Research, the National Cancer Institute, 
and the Henry Meis Fund. 


1 The radioactive iodine used in this investigation was sup- 
plied by the Clinton Laboratories, Oak Ridge, Tennessee, and 
was obtained on allocation from the United States Atomic 
Energy Commission. 

2 The values for absolute radioactivity given in this paper 
are based upon the most recent information furnished by the 
supplier, the Clinton Laboratories, and not upon measure- 
ments made in this laboratory. 


the material by warming in approximately 5 ml. of 
water and then adding 150 ml. of a 1:2 ethanol- 
ether mixture. The dye was then mixed with 50 ml. 
of ethanol saturated with NH,. After an hour it 
was again precipitated by addition of 100 ml. of 
ether and was washed with a 1:2 ethanol-ether 
mixture. The recoveries of dye and of radioactivity 
at various stages of the preparation are given In 
Table 1. The product had an activity of 0.4 micro- 
curie per milligram at the time that it was injected 
into mice. 
TABLE 1 


RECOVERIES OF DYE AND OF RADIGACTIVITY IN THE 
PREPARATION OF DYE USED IN THE 
ANIMAL EXPERIMENTS 


Specific Initial 
Yield of radioactivity radioactivity 
Stage in preparation dye (counts/min./ recovered in 
of dye (mg.) mg. dye)* dye 
(per cent) 
Original precipitate 1423 21,300 36.7 
After 2d and 3d pre- 
cipitations 1050 25,3007 32.27 
After 4th precipitation 1000 29 , 400 33 .6 
After 5th precipitation 950 30,000 32.7 
After NH;-EtOH 
treatment 900 31,200 32.1 


* Corrected for radioactive decay. 
t An error in measurement of radioactivity is presumed here. 


The composition of the dye mixture was deter- 
mined from a series of analyses, data from which 
are presented in Table 2. The dye, after an initial 
heating at 80° C. and storage over Drierite, lost 
5 to 6 per cent of its weight on further heating at 
80° to 90° C. This dried dye had approximately the 
following composition: 52 per cent dihydroxy 
trypan blue, 40 per cent monoiodo monohydroxy 
trypan blue, 3 per cent di-iodo trypan blue, and 
possibly some unchanged trypan blue. 

Nitrogen was determined by the Dumas method 
(15), sulfur by the Carius method (5), sodium by 
ashing with sulfuric acid (15), and iodine by wet 
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combustion and distillation (18), using the re- 
covery of added radioactive iodine as the criterion 
for recovery of the inert iodine, 


ANIMAL EXPERIMENTS 

Swiss A mice, each bearing 2 subcutaneous im- 
plants of mammary spindle-cell carcinoma 1509 1a 
($3, 4, 16), were obtained from the Jackson Memo- 
rial Laboratory, together with normal mice of the 
same strain. They were kept individually in beak- 
ers. When the tumors were 12 days old, the mice 
were given, by tail vein, a solution of the radioac- 
tive dye in 0.9 per cent NaCl, having a concentra- 
tion of 8.63 mg. of dye per milliliter. The dose ad- 
ministered, determined by weighing the syringe 
before and after each injection, averaged 8.81 meg. 
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of this dye solution per gram of mouse; 21 of the 24 
tumor mice received within +15 per cent of this 
dose. No symptoms were observed. Exereta were 
collected daily for 8 days. The mice were sacrificed 
by a blow on the head, 1, 2,3, 4, or 5 days after in- 
jection. 

The various organs and tissues removed for 
analysis were Immediately weighed (‘Table 8) and 
suspended in Ll per cent NaOH. Whole organs or 
pairs of organs were used to minimize sampling 
errors. An aliquot of 0.20 ml. of each sample, repre- 
senting 20 mg. of fresh tissue, was dried on a 2- 
mm. diameter microscope cover glass. Thyroids 
with accompanying tracheal tissue were dried di- 
rectly on cover glasses, and the pinnae of the ears 
were glued on cover glasses. Measurements of ra- 


TABLE 2 


ELEMENTARY ANALYSES OF THE DYES EMPLOYED 


Pere cent N 


Dy FORMULA Theory 
Trypan blue CulbOuNdSiuNay 8.75 
Di-hydroxy trypan blue Cs MeOuNasiNay 5.82 


Monoiodo, monohydroxy try- 


pan blue Cyto doNasubNag 35.22 
Di-iodo trypan blue Css H ool VaNusSaloNaag 4.72 
Dye mixture (‘‘theoretical” 

figures explained in text) ws... Lea ew de 5.69 


Pen centr S Pen cent I Pin centr Na 


hound Theory ound Theory ound Theory hound 
S04 8.8 12.2 ah 9.6 8.9) 
8.8 7 | aT 9.6 
12.0 bees 11.8 ie 8.6 
10.8 7 21.5 2 95°2 7.8 
5.67 12.7 12.2 O.+ d.9 9.1 13.9 


TABLE 5 


AVERAGE ORGAN WEIGHTS AND AVERAGE RECOVERTES OF INJECTED TODINE FROM THE TISSUES OF 
MICE AFTER INJECTION OF TODINATED TRYPAN BLUE DYE MIXTURE 


Number of mice t 1* 6G 1* 6 1* 4 * t 1* 
Davs between injection and death 1 day 2 days $ days 4 days 5 days 
Body-weight at injection (ya.) Ce ee IW.6 12.2 13.8 18.0 IS.8 13.4 1S.1 18.4 
Body-weight at death (gra. 7 18.2 6 LA 13.6 16.1 14.5 145 It.4 13.8 
Fresh weight of tissves in per 

cent of body-weight: 

Smaller tumor 5.0. 7.9 8.2 10.9 9.2 

Larger tumor 7.4 - 9.7 aii 11.0 14.8 sah 14.4 aa 

Liver §.6 6.7 5.2 6.8 §&8 7.3 §.$ 6.5 5.8 6.6 

Kidneys 1.7 ie 1.7 cae 1.8 1.6 1.7 1.7 1.9 1.7 

Spleen 0.9 O.4 0.9 O.5 1.1 O.4 1.1 0.6 1.0 0.4 

Lungs 1.1 1.1 1.0 O.9 1.0 O.8 0.9 0.9 1.0 0.9 

Stomach 0.8 1.1 0.6 0.7 0.7 0.6 0.7 O.8 0.6 0.7 

Heart 0.6 0.5 0.6 0.5 0.5 O.4 0.6 O.4 0.6 0.6 

Total dose injected (mi- 
crograms of iodine) 49 $5 52 51 55 43 56 68 61 56 
Total micrograms of io- 
dine foundinthyroid 0.2 0.1 0.1 0.2 0.2 0.2 0.2 0.8 0.2 0.3 

Tissue concentrations of vodine 

(micrograms of iodine per 

gram of fresh tissue): 

Smaller tumor 1.7 1.6 1.8 1.1 1.3 

Larger tumor a - 1.6 Bd va - Baer 

Liver 13 8 15 8 14 7 12 8 12 7 

Kidneys §.8 6.1. 74 FF 5.9 6.1 $5.34 5.0 5.5 

Spleen 5.3 4.4 4.0 5.3 4.3 3.8 3.7 4.9 4.0 4.9 

Lungs 29 22.4 2.8 1.8 2.3 1.9 6 1.9 18 1. 

Stomach 33 2.0 £1 18 2.1 1.9 1.4 1.1 1.3 ca 

Heart 1.8 1.5 2.3 1.9 Se 4.7 1.3 1.4 0.9 

Leg muscle 0.6 0.6 0.4 0.6 0.5 0.3 0.4 0.4 0.5 0.5 

Ear pinna 0.5 0.6 1.2 0.9 0.4 0.4 1.1 0.6 0.7 


* Control mice. 











STEVENS ef al, 
dioactivity were made with Vietoreen mica-win- 
dow counters connected to sealers using circuits of 
Higinbotham’s design with seales of 1 to 64.9 All 
aliquots were counted at least 200 impulses above 
background count, while the liver, spleen, kidney, 
and tumor samples were counted at least 770° im- 
pulses above the background count. To cheek on 
the operating condition of these instruments, a 
sample of radium D + I was counted twice daily.! 
Aliquots of the original I* solution from which the 
dye was prepared were mixed with silver nitrate 
solution and dried on cover glasses; these were 
counted two or three times daily. All sample 
counts reported here are in terms of the ratio of 
such counts to the average count of these standard 
I* cover glasses multiplied by the factor 4.43, to 
convert to the basis of micrograms of iodine. This 
calculation assumes that the ratio of inert to radio- 
active iodine was the same in all iodine compounds 
present in the dye mixture. The standard I* cover 
glasses decayed, with an 8-day half-life over a pe- 
riod of more than a month. 


RESULTS 

The concentrations of 1* in both the larger and 
the smaller tumors were several times greater than 
those in the leg musele or skin (pinna of the ear) 
and were nearly as great as in the heart or stomach. 
The concentration of [* in the tumors was directly 
proportional to the amount of dye injected. The 
concentration of I* in the larger of the two tumors 
on each mouse was directly proportional to that in 
the smaller tumor, though the relation was not 
striking. A higher degree of correlation was found 
between the average I* concentrations in the tu- 
mors and those in the liver, kidneys, and stomach, 
in part because of the effect of varying doses. The 
heavier the tumors, the lower I* concentrations 
they contained. With lengthening time between in- 
jection and sacrifice, the I* concentrations in the 
tumors were lower, partly because of the rapid 
growth of the tumors. But the total I* contents of 
the tumors were directly proportional to their 
weights. 

Concentrations of I* in the other tissues ex- 
amined were probably highest in the thyroids; but, 
since these glands were not weighed, only the total 
[* recovered in them is reported in Table 3. These 
recoveries averaged 0.3 per cent of the adminis- 
tered dose, suggesting that most of the 1* remained 
in organic combination in the mice. Concentrations 
of I* in the livers of the tumor mice were twice 


§QOne of the sealers was obtained from the Instrument De- 
velopment Laboratories, and two were built in this laboratory. 


‘This sample was kindly supplied by Dr. L. F. Curtiss, of 
the National Bureau of Standards. 
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those found in their kidneys (Fig. 1). The concen- 
trations of I* were lower in the livers of control 
mice than in those of most of the tumor mice. This 
difference may have occurred because larger livers 
showed lower concentrations and the control mice 
had livers which constituted a larger proportion of 
their body-weight than was the case with tumor 
mice. Kven among the tumor mice themselves, 
these relations among body-weight (corrected for 
lumor-weight), liver-weight, and liver concentra- 
tion of 1* were found to obtain. 

Concentrations of I* in the spleens of the control 
mice were higher, for a given dose, than were those 
in the spleens of the tumor mice. Enlarged spleens, 
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hia. 1. Coneentrations of labeled iodine in the liver and 


kidneys of Swiss A mice killed 1 to 5 days after injections of 4 
uygm. of iodine as radioactive iodinated trypan blue per gram 
of body-weight. 


often reported in tumor-bearing animals (17), were 
also observed in most of these tumor mice but not 
in the controls. The total I* in the spleens rose 
slightly over the 5-day period, while that in the 
lungs and stomachs decreased. 

Altogether, an average of 75 per cent of the in- 
jected I* was recovered in the excreta and the or- 
gans listed in Table 3, not including the muscle, 
skin, blood, gut, or other tissues. In the feces col- 
lected 1 day after injection, an average of 25 per 
cent of the injected dose was recovered. Lesser 
amounts were found in the urine and in later ex- 
crement (‘Table 4). The urine was frequently blue, 
but no blue color was noted in the feces or bile. 


DISCUSSION 


In designing this experiment, consideration was 
given to the influence of the time interval between 
injection and death, the dose to be injected, and 
the tumor to be employed. Previous observations 
(13) suggested that relatively high concentrations 
of trypan blue in the liver might be expected short- 
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ly after injection and might decrease with time. 
The present experiment was ther:fore extended 
over a period of 5 days. This was msufficient time, 
since the L* concentrations fourc in the livers was 
as great 4 or 5 days after injection it was as 1 day 
after. 

The dose of dye administered was determined in 
part by the specific radioactivity of the dye. Suffi- 
cient activity had to be administered to allow meas- 
urements of radioactivity in the tissues to be made 
by the technic employed. Although 2 to 5 mg. of ra- 
dioactive di-brom trypan blue per mouse were em- 
ployed in similar work (18), it was there stated that 
Duran-Reynals (6) had found maximal selective 
staiming with doses around 0.1 to 0.5 mg. in mice. In 
the work presented here the average dose was about. 
1 mg. of dye per mouse, the minimal amount which 
appeared suited to the conditions noted above. 
Selective staining of the tumors was obtained, in 
the sense that the tumors were much bluer than 
the surrounding skin and muscle. 


TABLE 4 


AVERAGE RECOVERIES OF INJECTED IODINE FROM THE 
FECES AND URINE OF MICE AFTER INJECTION OF 
IODINATED TRYPAN BLUE DYE MIXTURE 


MicrROGRAMS OF IODINE FOUND 


In feces In urine 
Ist day Y@dday Sd day Ist day @dday Sd day 
Tumor mice 18 4 4 4 » 0.5 
Control mice 14 9 4 Q l 0.4 


A transplanted tumor was used in this work 
because it provided a single, uniform kind of tumor 
tissue, several tumors could be obtained on one 
animal, the tumors would be of similar histological 
character and of definite age in animals of the same 
age, and the tumor-bearing animals could be ob- 
tained on a schedule that could be related to the 
decay of the radioactivity in the dye. Mice were 
selected rather than larger animals, to avoid undue 
exposure of personnel to radiation hazards. ‘Tumor 
15091la was recommended as being especially suit- 
able for easy removal. It is described as a mam- 
mary spindle-cell carcinoma (16), although Ewing 
first classified it as an adenocarcinoma of the thy- 
roid (19). 

The assumption made in presenting the data on 
iodine in Table 3 was that the inert iodine and the 
I* in the administered dye mixture remained in the 
same proportion to each other (except for radio- 
active decay) throughout the experiment. Since 
the inert and radioactive iodides were presumably 
thoroughly mixed in the dye synthesis, it is prob- 
able that, whatever compounds were present in the 
administered mixture, the ratio of inert iodine to 
I* in each of them was the same. It is possible that 
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the amount of radioactivity and the amounts of 
either iodinated or noniodinated dye did not re- 
main in a fixed ratio in the animals, although two 
lines of evidence suggest that this was true of the 
iodinated dye, for the most part: (1) differences in 
the distribution of radioactivity in the tissues and 
excreta of the mice and the distribution of radio- 
activity found after administration of Nal*; (9) 
similarity of the tissue distribution of radioactivity 
in these mice and in the mice given radioactive di- 
brom trypan blue or radioactive di-brom Evans 
blue (18). On the other hand, the fact that the bile 
and feces showed no blue color and that no blue 
color could be leached from the feces with 1 per 
cent NaOH suggests that the dye was broken at the 
2z0 linkages in the liver or intestine or both. 

In comparing the tissue distribution of radio- 
activity found in tumor-bearing mice after admin- 
istration of the radio-brominated dyes and of the 
radio-iodinated dyes, data on five tissues are avail- 
able: tumor, liver, kidney, spleen, and muscle. 
With each of the three dye preparations, the tu- 
mors contained an average of 3 per cent of the in- 
jected radioactivity per gram of tissue and the 
muscle averaged 1 to 2 per cent per gram. The 
spleens averaged 4 to 8 per cent, the kidneys 7 to 11 
percent, and the livers 8 to 25 per cent per gram. Da- 
ta from the iodinated trypan blue more nearly re- 
sembled that from the brominated trypan blue than 
that from the brominated Evans blue. These simi- 
larities in tissue distribution of radioactivity were 
found despite the fact that (1) different radioactive 
elements were employed, (2) the radioactive bro- 
mine was attached to the tolidine group and the I* 
was attached to the naphthol-sulfonic acid groups 
of the dye molecule, and (3) the basic amino groups 
present in the brominated compounds were replaced 
in the iodinated compound by iodine or by acidic hy- 
droxyl groups. These differences were not of major 
importance in determining the tissue distribution, 
which must, therefore, be principally the result of 
the similarities in the dyes. 

In comparing the tissue distribution of radio- 
activity found in tumor-bearing mice injected with 
the radioactive trypan blue dye mixture and those 
injected with Nal*, unpublished data are avail- 
able on 8 ABC mice bearing tumor 15091a, which 
received, on the average, one-third as much iodine 
(given as Nal*) as did the mice injected with the 
dye. They were killed after 25 hours. The ratios of 
radioactivity per gram of fresh tissue after admin- 
istration of Nal* to that after administration of 
the radio-iodinated dye mixture were as follows: 
tumor, 1.7; muscle, 3.0; liver, 0.16; kidneys, 0.9; 
lungs, 1.8; heart, 2.3; spleen, 2.2; and stomach, 
7.5. There is wide variation in these ratios, indI- 
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eating noticeably dissimilar behavior of radio- 
active lodine administered as Nal* and that ad- 
ministered as the radio-iodinated trypan blue. 


SUMMARY 


The distribution of radioactivity in the tissues of 
24 Swiss A mice, each bearing two subcutaneous 
implants of tumor 15091a, and 5 control mice was 
measured after intravenous injection of a radio- 
active dye mixture prepared by iodination. of 
trypan blue in the presence of radioactive iodide. 
The tumor tissue showed several times as high a 
concentration of radioactivity as did the skeletal 
muscle or skin, but less than the liver, spleen, or 
kidneys. The data are compared with those ob- 
tained by others using radio-brominated trypan 
blue and Evans blue to show the similar behavior 
of these different radioactive dye preparations. 
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Mouse Leukemia 


XIV. Freeing Iransplanted Line I from a 
Contaminating Virus 


M. J. Taytor anp E. C. MacDoweE.LL* 


(From the Department of Genetics, Carnegie Institution of Washington, Cold Spring Harbor, N.Y.) 


INTRODUCTION 


The transplanted leukemia designated line I, 
originated in a case of lymphatic leukemia that de- 
veloped under natural conditions in a year-old 
mouse of strain C58 in 1929 (9). Since then, this 
line of leukemic cells has been maintained (1) by 
successive passages to young mice of this same 
strain and has been used in a wide variety of ex- 
periments. Under various experimental conditions 
that have been found to delay or prevent death 
from the leukemic cells of this line (2, 4, 7, 8) the 
host mice, for more than a decade, have been ex- 
hibiting a mild sickness for a few days in the sec- 
ond week (damp hair, sticky eyes, inaction) (3, 6). 
This condition appeared when leukemic death was 
sufficiently delayed by inoculating a very few leu- 
kemic cells. The sickness also appeared at this 
time when the leukemic growth was inhibited, or 
eliminated, either by treatment of the hosts or of the 
suspension of leukemic cells. Thus the sickness ap- 
peared when naturally susceptible hosts (strain 
C58) survived a lethal dose of leukemic cells of 
line I after preliminary treatment either with nor- 
mal tissue from strain StoLi or with actively im- 
munized tissue from the host strain (C58); the 
sickness also developed when no preliminary treat- 
ment was given to the hosts, if the leukemic cells 
were either inactivated by exposure to 46° to 50° C. 
for 10 minutes or were eliminated by grinding and 
differential centrifugation. Such results seemed to 
favor the idea that the leukemic cells produced 
some toxic substance which might be a factor in 
leukemic death (3). This idea had first been sug- 
gested by the observation of Victor and Potter (10) 
that after inoculation of a mouse but before the 
actual leukemic invasion of a given lymph node, 
its anaerobic glycolysis was significant), reduced, 
although the arrival of the leukemic cells raised the 


*Dr. Mark Adams, New York University College of 
Medicine, contributed considerable time and thought, and 
proposed the tests employed for bacteria and virus. 


metabolism of nodes above normal. And recently 
Gasié (3, 5) has found other internal evidence of 
toxic action after the climax of the leukemic in- 
vasion by line I. 

During all this time attention was primarily di- 
rected towards the processes of induced resistance 
and it was not until filtration experiments in this 
connection uncovered a clue to the real cause of 
this sickness that a special study of this question 
was undertaken. This clue was the appearance of 
the typical signs of the sickness in an untreated 
control mouse a week after its box-mates had sick- 
ened from the injection of a cell-free filtrate of a 
line I leukemic spleen. This observation strongly 
suggested that a contaminating agent had been 
separated from line I. 

Separation of a Virus from Line I[.—The sugges- 
tion that line I was contaminated by a self-repro- 
ducing agent was confirmed by the transmission of 
the sickness by a cell-free filtrate and its subse- 
quent transmission by 2 successive passages with 
minced spleen from a sick mouse. In each passage 6 
mice were used and all 18 showed the typical sick- 
ness beginning with the seventh day. The filtrate 
for the first passage was prepared from a saline 
suspension of a terminal leukemic spleen (line I, 
transfer 1527) that was ground, centrifuged and 
passed through a Pyrex-fine filter. 

The foregoing result was amplified by a longer 
series of transfers started by a Seitz filtrate from a 
line I (transfer 1616) leukemic spleen. A 1:3000 
broth suspension of minced spleen was _ passed 
through a Pyrex-fine and then a Seitz filter’ and 
5 young C58 mice were inoculated intraperitoneal- 
ly with doses of 0.2 cc. On the eleventh day after 
inoculation a spleen from a donor with the sickness 
fully manifest was diluted 1:3000 and inoculated 
without filtration into 5 C58 mice. This procedure 


1 The Swinny filter adapter, equipped with Seitz filter pads, 
and attached to a 5 cc. hypodermic B-D Lok-syringe, was used 
throughout to obtain Seitz filtrates. 
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was continued until the thirteenth passage, in 
which 1 mouse was inoculated as before with 0.2 
ec. of the unfiltered 1:3000 spleen suspension, 1 
mouse with 0.2 ee. of heart’s blood, 2 mice with 0.2 
ec. of a Pyrex-fine filtrate of the spleen suspension, 
and 2 mice with 0.2 ce. of a filtrate that had passed 
through both Pyrex-fine and Seitz filters. In the 
entire series 58 mice were inoculated (only 3 mice 
used in 4 of the passages) and the characteristic 
sickness developed in each mouse. All but those 
sacrificed as donors recovered. 

Daily weights of the mice in the final passage in- 
dicated sudden loss of about a gram a day begin- 
ning at the end of a week and continuing for 3 or 4 
days (See Fig. 1). This was followed by an extend- 
ed period of gradual recovery of original weights. 
Accompanying the abrupt loss in weight the pe- 
ripheral white blood cell counts rose suddenly and 
did not drop until the lost weight was largely re- 
gained. The Seitz filtrate used in this thirteenth 
passage was streaked on blood agar and inccu- 
lated into a broth designed to culture both aerobic 
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and anaerobic bacteria. The broth was prepared 
by autoclaving minced mouse liver in an infusion 
of fresh beef heart with neopeptone and salt and 
adding fresh rabbit blood just before using. The 
agar carried the same ingredients, with the excep- 
tion of the mouse liver. The inoculated broth, 
sealed with vaseline and incubated for 48 hours, 
yielded no bacteria (gram stain), and the agar 
plates showed no colonies. 

The foregoing evidence of a self-reproducing, 
non-bacterial pathogen appears to justify the con- 
clusion that a virus-like agent has been separated 
from line I leukemia. The following test seems to 
deny the possibility that this agent, or virus, as it 
will be designated hereafter, might be carried in a 
latent condition in the untreated mice of strain 
C58 and brought into an active state by the proc- 
ess of transplantation. A series of 3 successive 
blind passages of normal spleens to normal C58 
mice was carried out. In order to provide enough 
splenic tissue to give to each host an amount com- 
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Fig. 1.—Body weights and white cell counts of mice (C58) 
inoculated with the indicated material from a donor carrying 
the thirteenth passage of virus without leukemic cells. The drop 


6 INOCULATED MICE (ABOVE) 


35 42 





in the control’s weight indicates that virus infection was ac- 
quired a week earlier when the sickness of the inoculated box- 
mates was at its height. 
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parable to the standard dose? of leukemic spleen 
and to transplant into as many as 5 hosts in the 
third transfer, this series was started with 17 nor- 
mal spleens, minced and suspended in saline and 
injected intraperitoneally into 15 C58 mice (88 to 
41 days old, 0.082 ec. of splenic tissue per mouse). 
Kor the next transfer 8 days later, 5 donors pro- 
vided 0.057 ce. splenic tissue, for each of 10 mice. 
The third transfer was made 8 days later, using 7 
donors for 5 hosts which received approximately 
the same amount of splemic tissue as in the preced- 
ing transfer. These 5 hosts and 5 untreated litter 
mates were weighed at least every other day for 
two weeks, with no weight differences appearing 
between the 2 groups and no signs of sickness. 

Virus Sickness.-‘Vhe time of appearance of ex- 
ternal signs of virus sickness, at the end of a week, 
is more characteristic than these signs themselves. 
Almost any illness in mice will cause inactivity 
and closed or droopy eyes. The sticky dampness of 
the hair is distinguishable from the dry upright 
hair of terminal leukemia. Phe sudden loss in 
weight (Fig. 1) has proved to be highly character- 
istic and an important criterion. [It occurs at the 
time the external signs are first appearing, and the 
disappearance of these signs is closely related to 
the beginning of the upward trend of weight. Thus 
the weight curves provide an objective record of 
the period of manifest: sickness. 

High white blood cell counts (frequently reach- 
ing 115,000) also regularly accompany the period 
of sickness and remain above normal for a consid- 
erable period thereafter. Smears of peripheral 
blood showing high white cell counts were char- 
‘acterized by a predominance of medium-sized, 
non-basophilic lymphocytes. 

Mice killed when virus sickness was well de- 
veloped showed moderate enlargements of spleen 
and lymph nodes and involution of the thymus. A 
measure of this condition is given (‘Table 1) by 
average organ weights of 10 mice inoculated with 
virus alone (Seitz filtrate of a 1:800 dilution of a 
spleen from line I, transfer 1704) killed before the 
appearance of clinical signs (5 days) or after the 
sickness was fully manifest (10 days). The un- 
treated controls were equal numbers of litter mates 
of the same sex and the same average body weight. 
In 5 days, with no change in body weight, the virus 
spleens, as well as the pooled axillary lymph nodes, 
had about doubled in weight; in 10 days, with the 
average body weight 4 grams below the controls, 
further increases appeared in spleen and nodes and 
the thymus weighed less than half as much as 
Standard dose = 0.2 cc. of 1 part minced spleen suspended 
3 


9 
in 2.3 parts 0.9% NaCl. The approximate number of white 
cells in this dose is 8X 107. 
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the controls, At both times virus livers showed a 
slight, questionable, increase over the control, See. 
Lions of tissues from mice with well-developed sick- 
ness showed lymphoid hyperplasia, with medium 
lymphocytes the predominating cell type. Kosino- 
phils in masses appeared in some regions of lymph 
nodes, which also included many plasma cells, 
Russell-body cells were common; occasionally they 
occurred in large collections. The size of the bodies 
varied from cell to cell, but most of them were 
small and numerous, and in the “raspberry” stage, 
Macrophages were conspicuously distended with 
many engulfed cells in all stages of digestion. Small 
lvinphoid lesions, both perivascular and scattered 
through the sinusoids, were regularly present in 
the liver. Hyperemia of lungs and other organs was 
notable. 

Recovery and Resistance. Of 195 young mice 
(C58) infected with virus without leukemic cells, 
all but Lt have survived. Reinfection of such sur- 
vivors called forth no sign of sickness, regardless of 
whether the second infection was given while the 
original sickness was still active (8 days, 6 mice) or 
long after complete recovery (76 days, 6 mice). In 
these particular cases the reinfection consisted of 
0.8 to 1.0 ce. per mouse of Pyrex-fine filtrates of 
1:5 saline suspension of spleen from mice imocu- 
lated with line L leukemia, transfers 1510 or 1550. 
In no case did this concentrated dose induce any 
sign of sickness either in appearance, behavior, or 
weight, whereas in all controls the sickness was 
fully manifested. 

This resistance to reinfection does not neces- 
sarily indicate that the virus has been eliminated. 
At the beginning of the second week (8 to 9 days) 
after a first infection the consistent presence of 
virus has been demonstrated by seven transmis- 
sion experiments. After 21 days an infected spleen 
transmitted the virus sickness with all signs fully 
expressed, including a white blood cell count of 
76,000 (av. of 3, ninth day). An infected spleen 
tested on the thirty-first day transmitted unques- 
tionable sickness with the characteristic weight 
loss and white blood cells averaging 53,350 (av. of 
3, eleventh day) but the external signs were slight. 
A spleen tested on the forty-fifth day after infec- 
tion gave no external signs and no weight loss, but 
one of the 3 hosts showed a white blood cell count 
of 45,000 on the thirteenth day and failed to re- 
spond to reinjection with a potent dose of virus in 
a filtrate directly from line I, transfer 1640. The 
second host did not show an elevated white blood 
cell count and gave a full response to the test in- 
fection. However, the third host, while equally 
lacking all other signs of infection, gave complete 
resistance to the test infection. These observations 
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show that virus may be present after the signs of 
sickness have disappeared and they suggest, as 
far as they go, that by the second month the 
amount of virus may be greatly reduced. Although 
these were Incidental observations, they served as 
a practical guide in the subsequent use of virus: 
resistant mice and they indicated the importance 
of tests for resistance. That a dose of virus may in 
duce resistance without giving any clinical signs of 
sickness Shows that subsequent tests for resistance 
are necessary to demonstrate whether or not a 
small amount of virus may have been present, 
The fact that no mouse has resisted the first in 
oculation with a virus-containing fillrate argues 
that this virus has not been present in the breeding 
colony. Filtrates from 3 cases of spontaneous leu 
kemia have been tested for virus and found to be 
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kemice cells® ranged from 2 &* 107 to % & 10%: the 
smallest and most critical dose was used in 22 
eases. ‘Twelve of these mice were sacrificed as 
donors shortly before death in order to continue 
the line of leukemie cells, 

Line | Freed of Virus. During the period cov- 
ered by these experiments line TP leukemia has 
passed through 204 transfers (1491 to 1694). Tests 
with cell-free extracts have been made from 18 of 
these transfers, and typical virus sickness has ap- 
peared in every one of the 132 host mice used in 
these tests. The consistency with which evidence of 
virus has appeared whenever line | was tested 
serves as an important control in attributing the 
climination of virus from line | to the proceedure 
employed. This procedure consisted of passing line | 
leukemia through 4 successive hosts that had recov- 


TABLE | 


WEIGHTS OF MICK INFECTED WITH VIRUS ONLY, KILLED AT 5 DAYS, WHEN LINE LT LEUKEMIA WOULD 


KILL, AND 10 DAYS, WHEN VIRUS SICKNESS WAS FULLY DEVELOPED 


UNTREATED 


CONTROLS ARE LITTER MATES OF THE SAME SEX 


Si 1N oun PoOOLMD 
Bony wr, (am.) Laven Weight Length AXILLAKY NODES Thymus 
Initial inal Gam, My. ('m, My. My. 
Five days after infection: 
Virus (6) 28.68 23 20 1 O78 YAA. I 2 066 26.7 26.4% 
Control (6) 28.68 23.23 1.055 1OO. | 1.638 14.) $4 
Virus/Control 1.04 2.44 1. 26 1.9 0.4% 
T'en days after infection: 
Virus (4) 24.75 22 62 1.544 27% 6 2 2h 56.2 14.1 
Control (4) 24.75 26 42 1.255 106.8 1.65 15.0 $7.6 
Virus/Control 0.85 1.07 2 57 1.36 4.74 ) 37 





entirely free. However, contact transmission 1s 
possible. Untreated controls in the same boxes 
have developed the sickness in about as long again 
as the inoculated mice, suggesting a connection be- 
tween clinical signs and the exeretion of virus (See 
Control, Fig. 1). Simple, obvious precautions have 
apparently been successful in preventing uncon- 
trolled spread of the virus. 

Resistant to Virus, Susceptible to Leukemia.— 
Highly significant for the elimination of the virus 
from line I leukemia was the failure of virus-resist- 
ant mice to resist leukemia. After virus-sickness 
without leukemia was induced by various pro- 
cedures, 45 mice in 15 experiments were inocu- 
lated with line I leukemia. The leukemic cells 
grew progressively and produced the terminal leu- 
kemic condition in every mouse at the time ex- 
pected for the size of the dose of leukemic cells. 
Special controls verified the expected performance 
of 11 of the 15 suspensions of cells. The time after 
the virus infection before leukemic inoculation 
varied from 16 to 145 days and the dose of leu- 


ered from virus sickness induced by cell-free filtrates 
given 55, 117, 128 or 145 days previously. The dose 
of leukemic cells for cach of these transfers and for 
the following transfer to a normal host was very 
small (3 & 10? cells). After 6 more transfers 
through normal hosts using large doses (8 & 107 or 
5 * 10°) a test for virus was made (Exp. 9639, 
transfer 1632) by injecting 2 mice with a 1.0 ce. 
dose of a Pyrex-fine filtrate of a 1:5 saline suspen- 
sion of spleen that had been ground and centri- 
fuged. No sickness or weight loss appeared. These 
2 mice were tested for virus resistance by infection 
with a Seitz filtrate of a 1:3000 spleen suspension 
of a virus-infected branch of line I that had not 
been passed through virus-resistant hosts; in the 
second week the sickness and weight loss were 
fully manifest. After 12 more passages of the virus- 
free branch through normal hosts a second test was 


This and subsequent estimates of doses of leukemic cells 
are based on average total white cells in the standard suspen- 
sion. No estimate can be made of the proportion of non- 
malignant cells present. 
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made. The same method was used and the same 
results were obtained. After 16 more transfers 
through normal hosts a third test for virus was 
made as before, with the addition of 2 mice in- 
jected with a Seitz filtrate of the Pyrex-fine fil- 
trate. As previously, no sickness or weight loss fol- 
lowed the first injection and a full response was 
given a week after these 4 mice were infected with 
a Seitz filtrate from a host of virus-carrying line I. 


Influence of Virus on Line I[.—Although the 
large doses used for routine transfer of leukemic 
cells killed C58 hosts 2 or 3 days before clinical 
signs of virus infection appear, the comparison of 
the virus-free branch of line I leukemia with the 
virus-contaminated branch, within the same calen- 
dar period, shows that the presence of the virus in- 
fluenced the result. The virus alone in C58 hosts is 
non-lethal but with line I leukemic cells given in 
large doses it was responsible for increasing the 
variability of the interval before death and for re- 
ducing its average length by increasing the propor- 
tion of early deaths, according to the percentage 
frequency distributions of 203 vs. 167 cases. This 
tendency of virus to hasten leukemic death was 
shown more clearly by the mean intervals for the 
larger of 2 routine doses (2 X 10’ cells: 4.729— 4.350 
days = 0.379 + 0.062 = 6 X S.E.) than by the 
means for the smaller dose (5X 10 cells: 5.546— 
5.330 = 0.216 + 0.063 = 3 X S.E.). Using an ex- 
tremely dilute dose, in the order of 15 to 20 cells, a 
different effect of virus was disclosed. Over a period 
of years (7 experiments) line I leukemia, presum- 
ably carrying the virus, did not kill one of the 236 
mice inoculated with this small dose. Currently 
this result has been confirmed by the virus-infected 
branch of line I. None of the 21 mice so inoculated 
died with leukemia, although all showed the typi- 
cal virus sickness. In contrast, the virus-free 
branch of line I leukemia killed all but one of the 
52 mice given this same extremely dilute dose. 

Other effects attributable to the presence of the 
incubating virus include: a reduction in the ter- 
minal spleen size; usually an increase of peritoneal 
ascites; an intensification of hyperemia of the leu- 
kemic infiltrations of abdominal muscles and gen- 
ital organs; and a greater frequency of small lung 
hemorrhages. The reduced spleen size is the most 
obvious of these effects. Comparing the terminal 
spleen lengths of all C58 mice inoculated with the 
routine dose of 2 X 107 or 5 X 10° cells within a 
period of 83 months, the mean (2.656 cm.) for 167 
mice dying from leukemia with virus was 0.382 + 
0.018 cm. (=21 X S.E.) less than that for 203 
comparable mice dying with leukemia alone. Al- 
though the distributions of individual measure- 
ments overlapped, the difference in average spleen 


es 
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length appeared consistently in subdivisions of the 
data and the proportion of spleens measuring 
3 cm. or over was 70 per cent for the virus-free 
branch of line I and 2 per cent for the virus- ~Carry- 
ing branch. This observed reduction in the size of 
leukemic spleens probably does not reveal the ful] 
effect of the virus, for virus alone enlarges spleens. 

Virus in Other Lines.—Seitz filtrates from other 
lines of transplanted leukemia have been found to 
transmit pathogenic agents that produce condi- 
tions in C58 hosts similar, but not identical, to the 
virus sickness from line I. There is cross resistance 
with the virus obtained from line I. But character- 
istic differences between the filtrates from dif- 
ferent lines of leukemia appear in the time and in- 
tensity of the sickness induced and in the modifica- 
tions of pathological conditions produced by the 
respective leukemias alone. By the use of im- 
munized hosts, as in the case of line I, and accord- 
ing to the tests for the absence of virus given 
above, lines L, U and V have been freed from virus. 
Line L presented a special case, because the ability 
of this line to induce resistance to itself is so strong 
that it cannot be transmitted by highly dilute 
doses and so the presence or absence of virus can- 
not be observed clinically by thus delaying leu- 
kemic death and, in freeing the leukemic cells from 
virus, advantage cannot be taken of very dilute 
doses for the immunized hosts. 


SUMMARY 


A non-bacterial, self-reproducing agent, appar- 
ently a virus, that has been transplanted along 
with the leukemic cells of line I for probably more 
than a decade, has been isolated from mice carry- 
ing this leukemia. This virus, in C58 mice, induces 
a non-lethal sickness: strong hypertrophy of lymph 
nodes and spleen; involution of thymus; moderate- 
ly high white blood cell counts (chiefly medium 
lymphocytes); and sudden loss of weight after 
7 days, accompanying inactivity, moist hair and 
sticky eyes. Reinfection is invariably resisted. By 
passing line I leukemia through hosts that have re- 
covered from virus sickness, these leukemic cells 
have been freed from the virus. Using large doses 
of leukemic cells that kill before the external signs 
of virus sickness can appear, the comparison of 
virus-free and virus-carrying branches of line I in- 
dicates that the presence of the virus 1s responsible 
for: slight shortening of the average interval be- 
fore death; reduction in spleen size; increase in 
peritoneal ascites; intensification of hyperemia of 


leukemic lesions; and greater frequency of small | 
lung hemorrhages. Using an extremely small dose, | 
leukemia develops in none of the mice inoculated , 
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with the virus-infected branch of line I, but kills al- 
most all inoculated with the virus-free branch. 
Agents with similar, but not identical, action 
that induce resistance to the above virus from 
line I have been obtained from other lines of trans- 
planted leukemia and three of these lines have 
been freed from their contaminants by like 


methods. 
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Krom evidence presented tin an earher paper (2), 
it was apparent that mice could be protected 
against the lethal activity of certain of the poly 
saceharides from Serratia marcescens by proce 
dures of passive immunization. Et was found that 
the injection of small amounts of the y-globulin 
fraction of rabbit antisera toward preparations of 
the strongly antigenic P-S polysaccharide (1) from 
the GW, strain of the organism atforded mice con 
siderable protection against the lethal action of a 
subsequently administered dose of the P-S poly 
saccharide, but not against that of the serologi 
cally unrelated P-10 polysaccharide from the 72-4 
strain, On the other hand, the use of the y- 
globulin fraction of rabbit antisera toward the less 
antigenic P35 and P-10) polysaccharides (724 
strain) failed to afford the mice any significant de 
gree of protection against the lethal action of any 
of the polysaccharides under the conditions of the 
experiments. 

It was considered desirable to investigate any 
influence which large amounts of y-globulin might 
have against the action of these polysaccharides in 
Swiss mice bearing sarcoma $7. In addition to the 
use of antibody-containing fractions of both rabbit 
and mouse antisera elicited by a conventional 
method of immunization, we employed the y- 
globulin fractions obtained from the sera of these 
animals at various intervals following a single in- 


* This research was supported in part by an American 
Cancer Society grant recommended by the Committee on 
Growth of the National Research Council, and by a grant from 
the National Institute of Health. The results were presented 
in part at the 39th annual meeting of the American Association 
for Cancer Research, Inc., at Atlantic City, New Jersey, 
March 12 and 18, 1948. The technical assistance of Miss 
Dorothy Sembach, R.N., is acknowledged with appreciation. 


jection of polysaccharide, Phe latter globulin trae: 
Lions were investipated to determine whether any 
protect ive antibodies could be detected in the sera 
axa result of one injection of polysaccharide be. 
cause of the observation that a single injection ofa 
moderate amount of polysaccharide into mice es 
tablished a pronounced tolerance toward the lethal 
vetion of the polysaccharide (2), 

Shear and Perrault (4) previously had reported 
the development of tolerance tn mice against both 
the lethal and: hemorrhage-producing actions of 
massive doses of polysaccharide by initial injec 
tions of the material Details of the development 
and nature of this state of tolerance are presented 
in the present paper and in paper LL of this series 
(3). Diller (8) has reported that small multiple 
doses of the P-3 polysaccharide were less effective 
in tumor cell destruction than was a single larger 
dose. Further results on the influence of both the 
active and passive procedures of immunization on 
the tumor-necrotizing activity of the polysae- 
charides, obtained by a reasonably quantitative 
procedure of analysis developed in this Institute 
by Dr. Edwin ‘Tl. Nishimura, will be presented ina 
separate paper. ‘The results recorded below are 
concerned only with the protective aspects of both 
passive and active procedures of immunization 
against the lethal action of the polysaccharides, 


EXPERIMENTAL 


The polysaccharide preparations used in these studies 
were supplied by Dr. M. J. Shear of the Chemotherapy 
Section of the National Cancer Institute; they include 
P-3.M from the G.W. strain and P-5, P-10 and P-0 
from the 724 strain of Serratia marcescens. Antisera were 
developed in rabbits by a total of 6 intramuscular in- 
jections, given at 3-day intervals, of 100, 200, 300, 400, 
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Chrome ef al, 


JOO, nil OOOy af polyeieeharide (1), Phe rabbits were 
omangninated by heat puneture usually 7 to lO daye 
after the Tast dijeetion, Tatravenota booster tiyeetions 
af polyanecharide were given iE the antibody titer wis 
not mttintaetory juat prior to the taaal tine for ex 
wngnination, Blood also was obtained by heart pune 
ture from one group of rabbits on the third day after a 
vingle HOO0-y in teaiscitar iijection, ad from a second 
group Of rabbith on the eleventh day after a single in 
jection. “Phese rabbits subseqienthy recerved the tual 
courme OF tiygections of polysaccharide to give an addy 
tional pool of antinertin, A group of mice wie iiyected 
traperitoneathy with lOQy of PbO) half of these tice 
were exsnnpoinated in dave ane the other half in 24 
days, Tn both the mouse and rabbit, the ley TT 
thiee tuaenienncitny nstadodeet baal 
amount of polysaccharide, Another proup of mice re 
cevved aonerien OF tibraperttoneal injections of 25, LOO, 
200, 200 and 2007 of POLO piven every third day ane 
they were exsmigiinated on the fourteenth day after the 
lant majeetion, Phe y-globulin fractions were obtained 
from the sera by niomontio salfate fractionation (¢), 

Seven to embt-week old male Swiss mice bearing 
warcoma $7 dorsal iaplante whieh had grown i 7 to’ 
days tow diameter of 10 to 15 mm, were myeeted mitra 
peritoneally with 0.6 to b.0ee, of a y-globulin fraction 
three hours before the intraperttoneal injection ofan ords 
warily lethal amount of polysaccharide, Amounts of poly 
wccharide iexcess of S00 y were administered im a0.5-c¢, 


Injection represent alinvont 


volitne of physiologic saline; smatler quantities were giv 

eninnd.2d-ee, volume. Phe number of deaths was record 

edathoth 2+ hours and 06 hours after the lethal injection 
was viven tothe experimental and controlanimals, Ineer 

lain instances, 2orsof the mice im aseries of 12 to 24 were 
wuerificed at 2b or b8 hours for cytological studies of the 
extent of tumor necrotization, By the use of tumor 

hearing mice, which are killed by smaller quantities of 
polysaccharide than are normal mice (1), and of concen 

trated solutions of y-globulin, it was possible to tnerease 
the ratio of y-globulin to polysaccharide to 200 in some 
cases, In the preceding work (2), this ratio ordinarily 
was 15 or less and rarely exceeded 25, As will be seen 
from the results, the use of tumor-bearing mice re 

quired greater numbers of mice and tests for clear-cut 
results than was the case with normal mice because of 
greater variations in their response to lethal doses of 
the polysaccharides, 

In the series of studies on tolerance, an initial intra- 
peritoneal injection of a small amount of polysaccharide 
was followed in | to LL days by an ordinarily 90 percent 
lethal dose of polysaccharide from the same or different 
strain of organism. In these experiments male Swiss 
mice (6 to 8 weeks old) and male progeny of CX¥A 
hybrid mice of the same age were used in addition to 
male Swiss mice bearing sarcoma 37, 


RESULTS 
An outline of the experimental conditions and 


the effects of y-globulin fractions from rabbit sera 
in protecting Swiss mice with sarcoma 37 against 


lmmunisation to Polyaaccharides 


MOI 


the lethal netion of LO0y of the Pea.M) polyane 
Charide are given in Pable t, 

Viilike the findings i the previous work (@), 
whieh utilized mainly normal mice, there occurred 
nH dntinnally yreat variation in the lethal aetivity 
Of the polysmechwnde i the different series of 
lente with timor benny mice, Phin variation is 
considered to depend on the condition of both the 
niouse mid the timoratany given time during the 
heveral months required to obtain the data, Conse 
quently, in addition to the mortality rates, there 
liam beeen linted a column giving the ratio of the 
Mhouwr mortally i the experimental series to 
that of the control series done at the same thine 
The experiments have been listed in three groupes 
nod the average ratio has been caleulated for each 
yroup, For each experiment listed the control 
yenien sYinbol is yiven to faeiitate comparisons 

Lines | Sof thin table give the results obtained 
with the control series of mice (A to 1), which were 
injected only with the polysaccharide P-5,.M. The 
variation in the 6 hour mortality ranged from 42 
lo OF percent; in another sertes of experiments 
(Gaiade within a S-week period) with 52 Swiss mice 
hearing sarcoma 37, the 06-hour mortality due to 
O07 of P.M fell within the limits of 56 to 67 
percent, TL will be seen from lines 6 and 7 that the 
v-vlobulin fraction obtamed from normal rabbit 
serum (yevlob./normal, when administered at 
either a 40 or 100 ratio of y-globulin to polysne 
charide, had no influence on either the 24- or 06 
hour mortality rate due to L007 of P-3.M as com 
pared with the control in series ©, 

The results of experiments in which the mice 
were passively immunized with y-globulin from 
rabbit antisera, cleited by a course of intramnuseu- 
lar injections of polysaccharide, are given in Group 
Bo lines 8 17. [tis evident that the y-globulin frac 
tion from two pools of rabbit antisera toward 
P-3.M had «a pronounced effect in protecting the 
mice against the lethal action of subsequently ad- 
ministered polysaccharide, A satisfactory degree of 
protection was obtained at a ~-globulin to polysae- 
charide ratio of 40. This is in agreement with our 
earlier observations (2) of substantial protection 
against the lethal action of P-3.F at a ratio of 
y-glob./poly. of 15 for normal mice and 30 for 
tumor-bearing mice. As was to be expected from 
previous work with normal mice (2), a pool of 
y-globulin (y-glob. m/P-3) from antisera toward 
several preparations of the P-3 type polysac- 
charide protected the tumor-bearing mice as did 
also the y-globulin produced by P-3.Rb, which in 
earlier serological work (1) had been found to be a 
weakly antigenic preparation (lines 16 and 17). 

The experiments listed in Group C of the table 
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are concerned with the influence of the y-globulin 
fraction obtained from rabbit sera following a 
single injection of polysaccharide. The figure im- 
mediately following the symbol “glob.” refers to 
the day on which the sera were obtained, e.g. 
y-glob. 3/P-3.M means that the y-globulin was 
isolated from rabbit sera taken on the third day 
following a single 100-y injection of the polysac- 
charide P-3.M. From lines 18-20, it appears that 
the third day y-globulin afforded the mice no pro- 
tection against the polysaccharide. The y-globulin 
from a second pool of sera (y-glob. 3/P-3.M #2), 
however, decreased the mortality rate (lines 21 and 
22). The significance of this result remains uncer- 
tain because there was not enough of this prepara- 
tion to permit a check on the observation. The 
y-globulin fraction obtained from sera on the 
eleventh day (lines 23 and 24) was ineffective, as 
were also the y-globulin fractions from the sera of 
rabbits injected once with P-10 (lines 25 and 26). 
In another test with only a few mice, there was 
some indication of protection when the 3- and 


—...., 


11-day globulins were used at a 200 ratio; there 
was, however, a similar reduction in mortality 
with the normal globulin control at the same high 
glob./poly. ratio. This reduction was considered to 
be of no immunological significance and the details 
have not been given in the table. 

It seems, therefore, that a moderate amount of 
the y-globulin fraction of rabbit antisera, elicited 
by a course of immunizing injections of P-3.M. 
had the capacity to protect mice with sarcoma 37 
against the lethal action of the P-3.M_ polysac- 
charide (Group B, average ratio 0.31), whereas 
with the y-globulin fraction of sera of rabbits given 
a single 100-y injection of the polysaccharide there 
was no definite indication of protective action 
(Group C, average ratio 0.98). 

Another series of similar experiments was made 
to investigate the influence of globulin fractions on 
the lethal action of the P-10 polysaccharide in 
Swiss mice with sarcoma 37. The results are pre- 
sented in Table 2. Male Swiss mice were used in 
Series A to F and female Swiss mice were used in 


TABLE 1 


PASSIVE IMMUNIZATION AGAINST THE LETHAL ACTION OF 100 y OF P-3.M IN MALE 
SWISS MICE WITH SARCOMA 37 


Ratio 96 hr. 
Ratio Percent deaths Series mortality 
y-glob.(rabbit) Amt.(mgm.) y-glob./poly. No. mice in 24 hrs. in 96 hrs. symbol Expt.: Control 
Group A 
1 0 23 56 59 A 
2 Q 12 42 50 B 
0 19 32 32 C 
4 0 24 63 63 D 
5 0 20 35 45 ) 
6 -y-glob./normal 4 40 14 36 36 + 1.12 
7 . 10 100 14 29 29 it 0.91 
Ave. ratio 1.01 
Group B 
8 y-glob./P-3.M#1 1 10 14 14 14 & 0.44 
9 4 4 46 16 0 0 & 0.0 
10 ” 4.8 75 17 24 24 D 0.38 
11 ° 15 150 18 28 33 D 0.52 
12 y-glob./P-3.M#2 2 20 20 10 15 E 0.33 
13 “ + 40 19 0 11 D 0.17 
14 - 7.8 75 18 11 17 D 0.27 
15 - 15 150 18 17 17 D 0.27 
16 y-glob.m/P-3 15 150 23 4 10 A 0.17 
17 y-glob. /P-3.Rb 20 200 93 26 30 A 0.51 
Ave. ratio0.31 
Group C 
18 y-glob.3/P-3.M#1 2 20 20 55 60 E 1.33 
19 ' 4 40 16 56 56 B 1.12 
20 , 10 100 16 37 56 B 1.12 
21 y-glob.3/P-3.M#2 1 10 14 14 21 C 0.66 
22 ” 4 40 16 6 6 C 0.19 
23 y-glob.1 1/P-3.M#1 4 40 16 44 50 B 1.0 
24 . 10 100 16 19 4.7 B 0.94 
25 y-glob.3/P-10#3 10 100 14 57 64 B 1.28 
26 y-glob.11/P-1043 10 100 15 60 60 B 1.20 


Group A is the control series. 


Ave. ratio 0.98 


Group B includes only tests with the globulin fractions from sera of rabbits immunized by a series of injections of polysaccharide. 
Group C includes only tests with the globulin fractions from sera of rabbits given a single injection of polysaccharide. 
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Series G to I. The death rates of the controls are 
listed in lines 1—9. Injection of either the y-globu- 
lin fraction of normal rabbit serum or of bovine 
serum albumin had no significant influence on the 
lethal activity of the polysaccharide (lines 10-14). 
The y-globulin fractions from antisera produced 
by a course of intramuscular injections of P-10 
into rabbits (Group B), caused no significant de- 
crease in the death rates until ratios of y-glob./ 
poly. were about 80 or more (lines 15-23). The 
elaboration of protective antibodies in rabbit 
serum was less effective with P-10 than with 
P-3.M. This is in agreement with our previous 
studies with normal mice (2) in which there was no 


more than an occasional slight indication of protec- 
tion when y-globulin fractions against P-5 or P-10 
were used at lower levels. Although the use of 1 ce. 
of antiserum toward P-10 always has been ineffec- 
tive, the total globulin fraction (a-6-y-glob./P-10) 
when used at high levels displayed some protective 
action (lines 24 and 25). The y-globulin fraction 
toward P-5 displayed no protective action in nor- 
mal mice (2) at a glob./poly. ratio of about 25 but 
it did afford the tumor-bearing mice considerable 
protection at a ratio of 110 (line 26). The prepara- 
tion y-glob.m/P-3 which in normal mice (2) failed 
to protect against P-10 at a glob./poly. ratio of 24 
was a borderline case at a 60 ratio (line 27). There 


TABLE 2 


PASSIVE IMMUNIZATION AGAINST THE LETHAL ACTION OF 250 y OF P-10 IN 
SWISS MICE WITH SARCOMA 37 


Ratio 96 hr. 
Ratio Percent deaths Series mortality 
y-glob. (rabbit) Amt. (mgm.) y-glob./poly. No. mice in 24 hrs. in 96 hrs. symbol Expt.: Control! 
Group A 
1 0 12 67 80 A 
2 0 15 60 75 B 
3 0 9 44 56 C 
4 0 18 44 62 D 
5 0 12 58 58 E 
6 0 17 35 47 F 
7 0 25 36 52 G* 
8 0 24 58 75 H 
9 0 24 67 67 I 
10 y-glob./normal 4 16 16 56 62 F 1.32 
11 ” 10 40 16 50 56 F 1.19 
12 . 20 80 12 33 50 G* 0.96 
13 bov. ser. alb. 10 4.0 16 44 44 F 0.94 
14 . 20 80 24 42 46 G* 0.88 
Ave. ratio 1.02 
Group B 
15 y-glob./P-10#2 8 32 20 35 50 D 0.81 
16 y-glob./P-1043 10 40 16 44 44 F 0.94 
17 y-glob./P-1044 10 40 18 28 28 F 0.60 
18 -y-glob./P-1043 20 80 24 37 42 G* 0.81 
19 y-glob./P-10#4 20 80 24 25 25 G* 0.48 
20 ” 25 100 24 29 29 H 0.39 
21 +-glob./P-1041 24 96 12 33 44 A 0.55 
22 7 24 96 15 13 17 B 0.23 
23 _y-glob./P-10#2 40 160 16 6 8 C 0.14 
24 a-B-y-glob./P-10 35 140 18 28 37 D 0.60 
25 o 20 80 18 28 28 D 0.45 
26 y-glob./P-5 28 110 15 13 15 D 0 . 24 
27. _-y-glob.m/P-3 15 60 15 33 43 D 0.69 
28 y-glob./P-3.Rb 8 32 15 Q7 33 D 0.53 
29 o 20 80 16 12 15 D 0.24 
Ave. ratio0.51 
Group C 
30 y-glob.3/P-10#4 20 80 16 44 50 G* 0.96 
31 y-glob.3/P-10#3 25 100 16 44 50 E 0.86 
32 +y-glob.11/P-1044 20 80 24 62 67 G* 1.29 
33. y-glob.11/P-1043 25 100 14 21 38 E 0.66 
34 a-B-glob.3/P-10 20 80 11 64 64 I 0.96 
35 ” 25 100 24 50 58 H 0.77 
36 a-B-glob.11/P-10 25 100 18 61 78 H 1.04 
37 y-glob.3/P-3.M#1 10 40 16 50 62 E 1.07 
38 y-glob.11/P-3.M#1 10 40 14 71 71 E 1.2 


Ave. ratio 0.98 


Male Swiss Mice were used in series A-F; female mice in G-I. Groups are defined in Table I. 
* In series G, the mice were killed at 48 hours for special studies of cytological damage to the tumor; hence the final G deaths are 48-hour 


rather than the usual 96-hour deaths. 
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seemed to be a clear-cut protection, however, with 
y-glob./P-3.Rb particularly at a ratio of 80 (lines 
28 and 29). This is one of the rare instances in 
which a definite degree of protection against one 
strain polysaccharide has been noted with globu- 
lins from rabbit antiserum toward the other sero- 
logically unrelated preparations of polysaccharide. 
The P-3.Rb polysaccharide, which is a product of 
chemical fractionation of P-3.F, has been found to 
be both a weak immunizing and test antigen in 
serological tests (1); the y-globulin fraction which 
it elicited in rabbits, however, showed pronounced 
protective action against P-3.F at the low glob./ 
poly. ratio of 5 (2). It is possible that the overlap- 
ping in the protective action at high glob./poly. 
ratios occurred because of the influence of some 
antigenic factor common to the polysaccharides 
from both strains of organism. It has been noted 
also that the use of a very high ratio of normal 
rabbit y-globulin to polysaccharide on one occa- 
sion afforded protection to mice in a non-specific 
way. At low and moderate ratios of rabbit glob./ 
poly., however, there is, in general, no cross protec- 
tion between polysaccharides from the two strains. 

It is evident from this and earlier work (1, 2) 
that the P-3 type polysaccharide from the G.W. 
strain of organism Is a more effective stimulator of 
both protective and serologically demonstrable 
antibodies in the rabbit than the P-5 and P-10 
polysaccharides from the 724 strain. It also seems 
probable that the protective antibodies toward the 
polysaccharides are not so specific as the serologi- 
cally reactive antibodies. It will be noted that the 
average ratio of Group B was 0.51. 

The next series of tests (Group C, lines 30-38) 
involved the use of globulin fractions obtained 
from rabbits at the 3- or 11-day intervals following 
a single intramuscular injection of the P-10 poly- 
saccharide. Other than the slight decreases listed in 
lines 33 and 35, there was no indication that these 
globulin fractions lowered the death rate due to 
P-10; the average ratio for Group C was 0.98. 
Hence, there is no definite evidence indicating the 
presence of any appreciable amount of protective 
antibody in the serum of rabbits, either in 3 or 11 
days after a single 100-7 intramuscular injection 
of the P-3.M or P-10 polysaccharides. Agglutinin 
titers averaged 64 for the rabbit sera from which 
y-glob. 3/P-10 was obtained, 256 for that from 
which y-glob.11/P-10 was isolated, and 8,000- 
16,000 for the rabbit antiserum from which 
y-glob./P-10 was obtained. In the rabbit, the de- 
velopments of serologically active antibodies and 
protective antibodies, in general, seem to run 
parallel (P-3.Rb and P-5 being exceptions). 

Table 3 presents the results of passive im- 





munization of male Swiss mice with sarcoma 37 
using globulin fractions from sera of Swiss mice 
which had been injected with P-10 or P-20. Nor- 
mal y-globulin from mouse sera did not reduce the 
mortality due to 2507 of P-10 (lines 1 vs. 2). The 
y-globulin fraction from antisera produced by a 
series of injections of P-10 into the mice reduced 
the death rate from 83 to 53 percent at the 96-hour 
period (lines 1 vs. 3). Contrary to the general find- 
ings with the rabbit, the y-globulin fractions iso- 
lated from mouse sera both at 3 days and 21 days 
following a single intraperitoneal injection of 100 
of .P-10 showed significant protective actions 
against the lethal dose of the P-10 administered 3 
hours later (lines 4 and 5). The a-8-globulin frac- 
tion with a low antibody content was ineffective 
(line 6). In the next series of experiments, it was 
found that 250 y of P-20 killed 65 percent of the 
mice bearing sarcoma 37 (line 7; the average val- 
ues for 108 mice were 59 and 66 percent at the 24- 
and 96-hour periods). From line 8, it is seen that 
the total globulin fraction (a-8-y-glob.3/P-20) ob- 
tained on the third day from sera of mice given a 
single injection of 100 y of P-20 also had a sig- 
nificant effect in reducing the usual lethality of 
P-20. The globulin fraction obtained similarly 
from sera of mice given P-10 was less effective (line 
9). In another series of tests (not listed in the 
table) involving only 6 or 7 mice in each test, it 
was found that the y-globulin fraction of the 3-day 
sera of mice given either P-10 or P-20 also reduced 
the lethal action of a subsequently administered 
250-7 dose of P-20. The y-globulin fraction iso- 
lated from a second pool of mouse sera obtained on 
the 21st day after a single injection of P-10 had a 
pronounced action in decreasing the death rate 
(line 10). The total globulin fraction from antisera 
produced by a series of injections of P-10 was also 
effective against P-20 (line 11). From lines 12-14, 
it is seen that y-glob.21/P-10 #2 protected the 
mice against the lethal action of the heterologous 
P-3.M as well as that of P-10 and P-20. Further 
experiments are in progress on this important as- 
pect to establish the extent of this apparent lack of 
polysaccharide specificity in the mouse as com- 
pared with the rabbit. Bovine serum albumin was 
ineffective. 

The consistency of these results obtained with 
admittedly small numbers of mice indicates the 
presence of protective antibodies in mouse serum 
following a single 100-y injection of the P-10 or 
P-20 polysaccharide. As is shown later in this paper 
and in paper II (5), there is considerable additional 
evidence to demonstrate the elaboration of protec- 
tive antibodies in the mouse as a result of a single 
injection of polysaccharide. There appears to be 
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considerable difference between the mouse and the 
rabbit in the development of protective antibodies 
following a single 100-y injection of polysac- 
charide. In terms of polysaccharide per gram of 
body weight, the mouse received about 250 times 
the amount given the rabbit. On the other hand, as 
mentioned before, the rabbit is far more suscep- 
tible than the mouse to the lethal action of the 
polysaccharide. A 100-y dose represents about 
one-tenth of the L.D. 90 dose per animal both for 
the mouse (by intraperitoneal injection) and the 
rabbit (by intramuscular injection) and is almost 
the maximum sublethal dose tolerated by either 
animal. 

We were interested also in obtaining detailed 
information about the nature of the state of toler- 
ance which is established in mice (2) and also in 


patients following an initial injection of the poly- 
saccharides. After making some preliminary stud- 
les, we adopted the procedure of injecting an al- 
most non-lethal amount of polysaccharide into the 
peritoneal cavity of the mouse; 1 to 11 days later, 
an ordinarily 90 percent lethal amount of either the 
same or different polysaccharide was injected in- 
traperitoneally. The results of these experiments 
on Swiss mice and the male progeny of C X A 
hybrids are given in Table 4. Since there was less 
than 5 percent deviation in the mortality rates 
among the controls in these series of experiments, 
the average rates have been given in the table. 

Two facts became apparent immediately, (a) 
that a state of tolerance was established rapidly 
and (b) that the tolerance was not strain-specific 
since an initial injection of the polysaccharide from 





TABLE 3 


PASSIVE IMMUNIZATION OF MALE SWISS MICE BEARING SARCOMA 37 USING GLOBULIN FRACTIONS 
OF SERA FROM SWISS MICE INJECTED WITH POLYSACCHARIDES 


Ratio 96 hr. 
Amt. Ratio Percent deaths mortality 
y-glob. (mouse) (mgm.) Poly. Amt. (vy) y-glob./poly. No. mice in 24 hrs. in 96hrs. Expt.: Control 
1 P-10 250 0 24 83 83 
9 y-glob./normal 15 . 7 60 8 100 100 1.21 
8 y-glob./P-10 15 . . 60 17 41 53 0.64 
4 y-glob.3/P-10 15 , " 60 13 38 38 0.46 
5 y-glob.21/P-101 15 . ” 60 12 25 42 0.51 
6 a-B-glob.21/P-10#1 15 . ° 60 23 65 74 0.89 
7 P-20 250 0 20 60 65 
8 a-B-y-glob.3/P-20 15 ” - 60 12 17 33 0.51 
9 a-B-y-glob.3/P-10#2 15 ” 7 60 12 8 50 0.77 
10 y-glob.21/P-10#2 15 . " 60 18 0 6 0.09 
ll a-8-y-glob./P-10 15 ” ” 60 13 8 23 0.35 
12 P-3.M. 150 0 16 25 31 
13 bov. ser. alb. 15 ™ " 100 16 31 31 1.0 
14 y-glob.21/P-10#2 15 ” - 100 16 6 6 0.19 
TABLE 4 


PROTECTION OF NORMAL MALE MICE BY AN INITIAL INJECTION OF POLYSACCHARIDE 


INITIAL INJECTION LETHAL INJECTION 


Percent deaths Days after 


in 96 hrs. initial Percent deaths 
Initial poly. Amt. (y) No. mice or less injection Poly. Amt. (y) No. mice in 24 hrs. in 96 hrs. 
1 P-3.M 800 60 82 90 
2 P-3.M 100 15 0 1 “ . 14 14 36 
3 P-10 100 15 7 1 _ ” 14 28 36 
4 P-10 100 15 0 3 . ” 15 7 13 
5 P-5a 100 16 0 3 “ “ 16 0 6 
6 P-3.M 100 15 0 11 . . 15 Q7 Q7 
7 . P-10 1000 127 80 91 
8 P-10 100 30 0 1 . 7 30 23 33 
9 P-3.M 100 15 0 1 ¥e . 15 7 20 
10 P-10 100 30 0 3 7 . 30 0 0 
11 P-3.M 100 15 0 3 4 ” 13 8 8 
12 P-10 100 30 0 10 a . 30 55 55 
13. P-3.M 100 15 7 11 - . 14 21 57 
14 P-3.M 800 16 75 94 
15 P-20 100 16 0 3 ” . 16 31 37 
16 P-10 1000 24 79 87 
17 P-20 100 24 0 3 » _ 24 4 8 
18 P-20 800 48 58 85 
19 P-20 100 Q4 + 3 o 5 47 14 14 
20 P-10 100 24 0 3 ” " 24 21 21 
21 P-3.M 100 24 13 3 ” . 21 14 19 


Progeny of C XA hybrid mice were used in experiments listed in lines 1-13; Swiss mice were used in experiments listed in lines 14-21. 
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either the G.W. or 724 strain protected the mice 
against the lethal action of either the same or the 
serologically unrelated polysaccharide. From lines 
1-3 of ‘Table 4, it is seen that an initial injection 
of 100 y of either P-3.M (G.W. strain) or P-10 
(724 strain) reduced the 96-hour mortality of 
800 y of P-3.M from 90 to 36 percent when the 
lethal amount was injected 1 day after the initial 
dose. A similar decrease in the usual death rate 
due to P-10 by an initial injection of either P-3.M 
or P-10 is recorded in lines 7-9. An even greater 
degree of tolerance was established by the third 
day after the initial injection (lines 4, 5, 10 and 11) 
and it is noteworthy that the weakly antigenic 
P-5a (724 strain) was also effective. There were 
more deaths when the second injection was given 
at the tenth or eleventh day (lines 6, 12 and 13), 
indicating that the tolerance established by a 
single injection of polysaccharide was transient. 
Male Swiss mice were employed in the next series 
of experiments with the most recent preparation 
(P-20) obtained from culture filtrates of the 724 
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strain. It is seen from lines 14-19 that a Single 
injection of 100 y of P-20 established a pronounced 
tolerance in 3 days toward lethal doses of P-3.M. 
P-10 and P-20. An initial injection of 100 y of P-19 
or P-3.M also protected the mice against P-99 
(lines 20 and 21). It will be noted that P-20 was 
somewhat more toxic to normal Swiss mice than 
P-10. We also have evidence, which however needs 
further expansion, that an initial injection of 10 y 
of polysaccharide into normal mice was just as 
effective as 100 y in protecting them against the 
action of an ordinarily 90 percent lethal injection 
of polysaccharide. It was found that no further 
deaths occurred in any series when the survivors of 
the lethal dose were injected again after a lapse of 
7-14 days with another lethal dose of either poly- 
saccharide. Thus the tolerance established by any 
combination of initial and lethal polysaccharide 
injections was longer-lasting than that caused by a 
single injection. 

It was considered desirable to see whether any 
alteration in either the degree or specificity of the 


TABLE 5 
PROTECTION OF NORMAL MICE BY FOUR INJECTIONS OF POLYSACCHARIDE 


Percent deaths 
in 96 hrs. 


Days after 
initial inj. 


Percent deaths 





Initial poly. Amt. (y) No. inj. No. mice or less Poly. Amt. (vy) No. mce  in@4hrs. — in 96 hrs, 
1 P-3.M SOO 60 $2 90 
2 P-3.M 50 + 12 0 5 ” ” 12 Q 0 
3 P-10 50 4 15 0 5 - ‘ 15 0) 27 
4 P-3.M 50 4 5 0 11 7 . 15 0) 0 
5 P-10 50 + 25 0 10 . a 25 20 40 
6 P-10 50 4 5 0 1] ss " 15 40 67 
7 P-10 1000 127 80 9] 
8 P-10 50 + 13 0 5 ‘ ” 13 0) 0) 
9 P-3.M 50 4 12 0 5 ‘ ” 12 0 8 

10 +P-10 50 4 35 0 10 ” “ 34 21 | 44 

11 P-10 50 + 15 0 11 7 4 15 Q7 33 

12 P-3.M 50 4 15 0 11 - . 15 0 0 

13. P-3.M 50 4 15 0 12 ’ . 12 0 () 


Percent deaths 
in 96 hrs. 


TABLE 6 
PROTECTION OF MALE SWISS MICE BEARING SARCOMA 37 BY AN INITIAL INJECTION OF POLYSACCHARIDE 


Days after 


Percent deaths 


Initial poly. Amt. (y) No. mice or less initial inj. Poly. Amt. (vy) No. mice in 24 hrs. in 96 hrs. 
1 P-3.M 100 52 59 59 
2 P-3.M 10 15 40 4 ’ ” 9 22 33 
3 P-3.M 200 36 82 4 
4 P-3.M 10 15 13 4 - 7 13 15 38 
5 “ 10 16 19 11 - . 7 29 29 
6 P-10 20 16 25 4 . . 12 42 42 
7 P-10 20 16 19 11 ” ” sy) 64 64 
8 P-10 250 113 48 60 
9 P-3.M 10 15 13 4 - . 13 8 15 
10 P-10 20 24 0 3 " ” Q4 0 () 
11 P-20 20 24 8 3 . ” 22 Q 4 
12 P-10 500 36 90 97 
13 P-10 20 16 19 4 ” ” 13 15 23 
14 P-10 20 16 25 11 . “ 10 30 30 
15 P-3.M 10 14 29 4 - ” 10 20 30 
16 P-3.M 10 16 6 ll ” “ 9 56 67 
17 P-20 250 56 54 61 
18 P-10 20 24 18 3 ¥ ” 19 5 5 
19 P-20 20 24 4 3 “ . Q° 4 8 
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Creecu et al. 
tolerance could be established by attempts to im- 
munize the same type of mouse in a conventional 
manner by injecting four times with the polysac- 
charide, 50 y being given every second or third 
day. ‘The observations, which are listed in Table 
5, are essentially similar to those obtained by a 
single injection. ‘There seems, however, to be suf- 
ficient evidence to indicate that repeated injec- 
tions of the more antigenic P-3.M_ polysaccharide 
had a greater influence than either a single injec- 
tion of P-3.M or repeated injections of P-10, in 
prolonging the period of more effective protection 
(lines 4, 12 and 138, Table 5, vs. lines 6 and 138, 
Table 4, and vs. lines 5, 6, 10 and 11, Table 5). 

An investigation was made also of the extent of 
the tolerance due to an initial injection of polysac- 
charide into Swiss mice bearing sarcoma 37. ‘Two 
lethal levels for the P-3.M and P-10 polysaec- 
charides were employed. The results are given in 
Table 6. It will be noted that an initial injection 
of an amount of polysaccharide which was only 
one-fifth to one-tenth that used with normal mice 
killed a moderate percentage of the tumor-bearing 
mice. It was found that a small initial injection of 
any of the polysaccharides was sufficient to estab- 
lish a remarkable and consistent tolerance toward 
the lethal action of polysaccharides from the same 
or different strain. The lethal activity of P-3.M 
was reduced by prior injection of the tumor-bearing 
mice with either P-3.M or P-10 (lines 1-7) and 
that of P-10 was reduced by prior injection with 
P-3.M, P-10 or P-20 (lines 8-16). A single injection 
of either P-10 or P-20 also afforded the mice pro- 
nounced protection against the lethal activity of 
P-20 (lines 17-19). In general, the degree of pro- 
tection shown on the fourth day was greater than 
that on the eleventh day. 

It is apparent, therefore, that a single injection 
of polysaccharide into mice establishes an early 
tolerance toward an otherwise lethal amount of the 
polysaccharides. The fact that passive immuniza- 
tion, with globulin fractions of sera from mice in- 
jected once with the polysaccharide, afforded the 
mice protection against the lethal action of a sub- 
sequent dose of polysaccharide, together with the 
results in paper IT (5), indicate that this tolerance 
is immunological in nature. 

It has not been practical to study the influence 
of an initial injection of polysaccharide in the pro- 
duction of tolerance in the rabbit against lethal 
injections. Procedures of passive immunization, 
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however, have shown that there are differences 
between the mouse and rabbit in the immunologt- 
‘al responses to the polysaccharides. 


SUMMARY 


Passive immunization with moderate amounts 
of the y-globulin fraction of rabbit antisera toward 
polysaccharides from either the G.W. strain or the 
724 strain of Serratia marcescens has been found to 
afford mice bearing sarcoma 37 considerable pro- 
tection against the lethal action of the homologous 
polysaccharide. There has been no definite indica- 
tion that mice were protected against the lethal 
action of the polysaccharides by the use of the 
y-globulin fraction of rabbit sera obtained either 3 
or 11 days after a single injection of an almost 
maximum sublethal amount of polysaccharide. 
Protection of mice against the lethal action of 
preparations of polysaccharide from either strain 
has been obtained, however, by passive immuniza- 
tion with serum globulin fractions from mice which 
had received either a single injection or multiple 
injections of the polysaccharides. A pronounced 
tolerance toward the lethal action of the polysac- 
charides was found to be established within one 
day, both in normal mice and in mice bearing 
sarcoma 37, by a single injection of less than one- 
tenth the 90 percent lethal dose of any of the poly- 
saccharides from either strain. The tolerance de- 
veloped in mice seems to be a true immunological 
response to the polysaccharide. 
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Carbamates in the Chemotherapy of Leukemia 


Vil. The Influence of Urethan and Blood Acid-Base 
Hgquilibrium on Mouse Chloroleukemia 1394" 


Llowarp b. Sxiperr, Pu.D., AND Juanrra B. Cuapman, A.B. 


(Prom the Southern Research Tnstitute, Rirmingham, Mabama) 


The first report concerned with the leukotoxie 
vetion of urethan appeared twenty-three vears ago 
Ina paper by Thawkins and Murphy (3). Phese au 
thors observed that urethan anesthesia tn rabbits 
and rats was accompanted by an terease in the 
COs, content and pit of the whole blood and by a 
concomitant decrease in the circulating Lvinpho 
evtes and a relative merease tn the polymorphonu- 
clear leukoevtes. ‘Phis inerease in pit of the whole 
blood reached a peak at about twenty-four hours 
vnd persisted for forty-eight hours, Hussey (4) ina 
study of the influence of x-rays on the properties of 
blood has reported that “when rabbits are exposed 
to x-radiation,! there results a definite change im 
the BA TIA ratio of their plasma.’ This change 
was described as one which defined a state of un 
compensated alkali excess; it was reportedly ac 
companied by a diminution of white blood cells per 
unit volume. Hussey also stated that “sodium bi- 
carbonate injected into the peritoneal cavity is 
followed by results identical to those observed fol- 
lowing exposure to x-rays.” Phe maximum changes 
noted occurred in a shorter time following bicar- 
bonate injections than x-radiation, but the rela- 
tion between chemical and morphological changes 
Was stated to be the same. The leukopenic action 
of urethan, x-rays, nitrogen mustard (methyl bis- 
‘2-chloroethyljamine), potassium arsenite, and 
benzene on normal mice has recently been studied 
(3). 

In view of this reported relation between the 
state of alkalosis and leukopenia and the well- 
known anti-leukemie action of x-rays and urethan, 
it was considered of interest to investigate the ef- 
fects of attempts to increase or decrease the blood 


* This investigation was carried out under a Grant-in-Aid 
from the American Cancer Society upon recommendation of 
the Committee on Growth of the National Research Council, 
and grants from Mr. Ben May, Mobile, Alabama, and the 
Institute-Sponsored Research Fund of Southern Research 
Institute. 


' The dosage approached the maximum tolerated level. 


pill on the life span of mice with a stra of leu. 
kemia known to respond to urethan (1). EE was also 
considered pertinent to determine tf leukemic mice 
treated with urethan plus an acid salt) (lo over: 
come the urethan-alkalosis) would survive as long 
us simathar animals 
alone, 


recetvings urethan therapy 
PROCEDURE AND RESULTS 

Blood pll Studies. Carworth Farms, CEW 
strain, mice have been used exclusively in the 
present studies of the effeets of various treatments 
on blood pl. Blood samples were obtaimed cireet- 
lv from the right ventricle after spine crushing. 
Phe blood was aspirated into a Lee. syringe fitted 
with a 27-gauge needle and tmimediately intro: 
duced through a rubber membrane into a closed 
small-volume glass electrode ensemble. Contact 
with air was thus avoided throughout the opera 
Lion and a reading was obtained, using a Beekman 
Laboratory Model G pil Meter, usually within 
less than one minute. Frequent calibration of the 
unit was carried out using a standard butler. 

The first step in the present program was the 
establishment of a control mean whole blood pll 
level using 385 six weeks old mice. Mice of the same 
shipment lot were then injected intraperitoneally 
with urethan and sacrificed for blood pil deter: 
minations at four and sixteen hours. The results 
obtained in these experiments are presented in 
Table 1. 

In order to determine the effect of sodium br 
carbonate injections on the acid-base equilibrium 
of the blood of mice, a series of single and multiple 
intraperitoneal injections were given followed by 
pli determinations at varying intervals. A sum- 
mary of these results is given in ‘Table 2. 

It was also desired to determine the effects of 
single and multiple injections of an acid salt on the 
blood pH levels of mice. The results of a series of 
experiments designed to show the effects of am- 
monium chloride injections on the blood acid-base 
equilibrium are summarized in Table 3. 
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TABLE 1 


THe Keene? OF URETHAN ON THE BLOOD PEL OF CEW STRAIN MICE 


No, of Donne lion blood sample Mean whole a® 
Treatment animale (ong. /kew.) taken (Chowrs) lolol poll hed pil 
C‘ontrols SO 7.22 () ON 
Urethan 7 ooo A 747 0.05 
Urethan | HOO lt 7.55 0.05 
Urethan 1) HD 6 7.52 0 02 
Urethan 4 oOo 16 7.27 0 O6 


Time after injec 





* Standard deviation from the mean, 


TABLE @ 
THE ERFECT OF SODIUM BICARBONATE ON THE BLhoobp PH OF CEW STRAIN MICE 


Time after injec 


No, of Dosage Time of injection tion blood sample Mean whole a Blood 
Treatment animals (mop. /ky.) (hhoue) taken (haem) blood pl pil 
Controls bh 7.22 0.0% 
Sodium bicarbonate b 1000 () 1-1.3 7.33 0.0% 
. . fb 1OO0 () ¥~<.3 7.2% 0.02 
/ § 1000 Oand @ 4 7.28 0.06 — 
, . { 1500 {) h 7.26 0. 06 
; : fj 1000 () 20 20.5 7.2% 0). 05 
; p s 1000 (), 2, 4, 6 7.5-48 7.30 0. 09 
; ; 10) 1000 0, 2, 4, 6 7.58 7 356 0.05 
; . ‘) 1Oo0 0,%2,4,6,8, 1% Sl 7.48 0.15 


23, 2h, 27, V0 


TABLE 8 
The ERRECT OF AMMONIUM CHLORIDE ON THE BLOOD PH OF CEW STRAIN MICE 


Time after injee- 


No. of Dosaye Time of injection tion blood sample Mean whole a Blood 
Treatment nniinads (mye. /ku.) (hour) taken (hra.) hlood pil pil 
Controls bh 7.22 () O# 
Ammonium chloride 5 200 () 1.5 7.16 0.05 
' . b 200 () 2-2 3 7.01 0.07 
, , 5 200 () b-4.5 7.15 0.05 
; ; 5 200 Oand S 4 7.06 0.05 
; ; 10 200 0,5, 6 7 7.12 0.11 
‘ ‘ b 200 0, 3, 6 8 HOD 7.06 0.04 
. : 4 500* O and 8 5 6.46 
, , 10 200 0, 3, 6, 9, $1 7.07 0.07 


* Mortality 2/5. 
TABLE 4 
THE EFFECTIVENESS OF AMMONIUM CHLORIDE IN OVERCOMING URETHAN ALKALOSIS 
Time of blood pH 


No. of Dosage Time of injection determination Mean whole a Blood 
Treatment animals (my./kg.) (hour) (hrs. after inj.) blood pH pH 
Controls 35 4.22 0). 08 
Urethan 18 900 0 16 7.30 0.04 
; 7 900 0) 4 7.37 0.05 
. 3 1800 0 16 7.33 0.05 
Urethan+ 10 900 (Q) 
Ammonium chloride 10 200 0, 3, 6 7.5-8.5 7.17 0.04 
, , 10 900 () 
; ; 10 200 0, 3, 6, 9, 3) 7.05 0.28 
24, 27, 30 
. . 10 900 0) 
. P 10 200 0, 4, 8, 24, 57 7.22 0.12 


28, 32, 56 
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In a fourth series of blood pH. studies urethan 
was injected followed by multiple injections of am- 
montium chloride in order to ascertain the effective- 
ness of this salt in overcoming urethan alkalosis. 
The results of these experiments are presented in 
Table 4. 

Anti-leukemic Studies. After having obtained 
information as to the sodium bicarbonate and am- 
monium chloride requirements to temporarily raise 
and depress the whole blood pH of mice, experi- 
ments were undertaken to determine the effects of 


TABLE 5 
EFFECT OF SODIUM BICARBONATE AND AMMONIUM 
CHLORIDE ON CHLOROLEUKEMIA 1894 
PERCENT IN- 
CREASE IN 
SURVIVAL OF 


SURVIVAL TREATED OVER 
No, or Extreme Average UNTREATED 

PReatMent MICK days days CONTROLS 
Controls (no treatment) 9 16-82 21.6 
Sodium bicarbonate lO 36S 4205S 7) 
Ammonium chloride() 10) 368-5 4S $4 
Urethan(®) 10 =—2842— SS i$ 
Schedule ofinjections: 

(a) 2nd day, 1 injection, 400 mg./ke.; 8 days, $ inje ctions daily, 


400 mg./kg.; 9, 10, 11, 14, 15, 16, 17, 18, ai 22, wane $ injections daily, 
S00 mu. ke. 


(b) 2nd day, Linjection, 200 mg./kg.; 8, 4, 7, 8. 9. 10, 11, 14, 15, 16, 17, 
18, 21, 22, 23 days, 3 injections daily, 200 mg. he 


(c) 2, 4, 7, 9 TL, 14, 16, 18, 21, 23 days, single injections at 450 mg./kg. 


TABLE 6 
SFFECT OF SODIUM BICARBONATE (IN DLET) ON SURVIVAL 
OF MICE WITH CHLOROLEUKEMIA 1394 


PERCENT IN- 


CREASE IN 
SURVIVAL SURVIVAL OF 
No. or Extreme Average TREATED OVER 
TREATMENT MICE days days CON TROLS 
Controls (untreated) 10 $-44 30.1 
Sodium bicarbonate* 10 8-45 24.0 — 2] 


*Sodium bicarbonate introduced into diet of ground laboratory show a 
level of 5°), throughout the experiment.This group was alsoinjecte sdonce daily 
with 0.2 ce. of a saturated NaHCQs solution on the 3rd, 6th, and 7th days after 
leukemic inoculation. 


changes in the blood acid-base balance on the life 
span of mice with chloroleukemia 1394.2? The anti- 
leukemic assay used was in principle the method of 
Flory et al. (2) as modified by Burchenal, Lester, 
Riley, and Rhoads (1). Inbred mice of the Ak 
stock were inoculated with a cell suspension from 
the spleen of mice having chloroleukemia 1394. 
After two days the inoculated animals were divid- 
ed into groups of ten mice each. One group was re- 
tained as an untreated control, the other groups 
were repeatedly injected with sodium bicarbonate, 
ammonium chloride, or urethan. The results of 
these assays with regards to effects on life span are 
presented in Tables 5 and 6. Additional assays in 
which groups of mice were treated with urethan as 
compared with urethan plus multiple daily injec- 


2A myeloid leukemia first described by Flory et al. (2). 


tions of ammonium chloride are summarized jp 
Table 7. The obvious objective of this combination 
treatment was an attempt to ascertain if the al- 
kalosis resulting from urethan administration was 
operative in the well-known anti-leukemie action 
of this drug. 
DISCUSSION 

Much confheting data have been published con- 
cerning the hydrogen ion concentration of normal 
and neoplastic tissue. Some success has been re- 
ported on use of acidification therapy for inhibition 
of tumor growth in animals (6). Negative results, 
however, have been obtained on administration of 
acids and alkalies and on use of acidogenic diets in 
attempts to repress the growth of mouse carcinoma 
and Rous sarcoma (7). In clinical experiments 
acidifying drugs have been reported to be in- 
effectual (7). 

TABLE 7 
KEFECT OF URETHAN IN COMBINATION WITH 
ACLIDIFYING THERAPY 


PenceNT INs 


CREASE IN 
SURVIVAL OF 
SURVIVAL TREATED OVER 
No. ow Extreme Average UNTREATED 
TREATMENT MICK days days CONTROLS 
Controls 10 20-29 24.6 
Urethan(”) lO 884-42 $7.0 50.4 
Urethan+-ammonium 
chloride() 10 = 86-59) 57.7 134.6 


Injection schedule: 

(a) ‘Three injections weekly for a total of 10 injections; level, 450 mg./kg, 

(b) Urethan, same as (a). Ammontum chloride, 3 tnjections daily on 3, 4, 
7,8, 9, 10, LL, 14, 15, 16, 17, 18, 21, 22, 28 days; level, 200 mg./kz. 

(c) ‘Three mice live d the full 90-day observat ion period. These animals were 
usedin calculation of survival time as having died on the 90th day. 


The present experiments indicate the dosage 
schedules which, with sodium bicarbonate, will 
produce a temporary alkalosis in mice of the order 
seen in urethan therapy, and which will, in the 
‘ase of ammonium chloride, result in temporary 
acidosis. Data have also been obtained which show 
that urethan-alkalosis in mice can be overcome by 
injection of ammonium chloride. 

The anti-leukemic assays comparing alkalizing 
and acidifying therapy with urethan treatment 
indicated little or no activity for sodium bicar- 
bonate or ammonium chloride under the condi- 
tions of test. The survival time of the urethan- 
treated group in this experiment (‘Table 6) 1s con- 
sidered significantly greater than that of the un- 
treated controls. In the experiment where urethan 
plus ammonium chloride was administered (‘Table 
7) an average survival time greater than was ob- 
tained with urethan alone was observed. This dif- 
ference may not be significant but it is highly sug- 
gestive that alkalosis is not operative in the antl 
leukemic mechanism of this drug. This latter point 
was rechecked in an experiment identical with the 








Th 
¢ 


if 





SKIPPER AND CILAPMAN 


— a 
> 


one reported in ‘Table 7. The results obtained were 
very similar in that both the urethan and urethan 
plus ammonium chloride-treated mice lived sig- 
nificantly longer than the untreated controls. 


SUMMARY 


1. ‘The temporary experimental urethan-alka- 
losis reported by Hawkins and Murphy has been 
confirmed. 

2. ‘Treatment with sodium bicarbonate and am- 
monium chloride at levels which will temporarily 
affect the blood acid-base balance failed to signifi- 
cantly increase the survival time of mice with 
transmitted chloroleukemia 1894. 

3. Administration of ammonium chloride con- 
comitantly with urethan for the purpose of tem- 
porarily overcoming urethan alkalosis did not ap- 
pear to adversely affect the anti-leukemic action of 
urethan for chloroleukemia 1394 in mice. 
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‘The Genesis and Growth of Tumors 


IV. Effects of Varying the Proportion of 
Protein (Casein) in the Diet’ 


ALBERT LANNENBAUM, M.D., AND Herpert SILVERSTONE 


(From the Department of Cancer Research,** Medical Research Institute, Michael Reese Hospital, Chicago 16, Mlinors) 


Protems are considered to occupy a key position 
in the structure and function of tissue, As a conse- 
quence it might be expected that the level of pro- 
tein in the diet is a significant modifying factor in 
the formation and the growth of tumors. This 
prospect was investigated as part of a broad, in- 
tegrated study (12, 18, 14) on the relationship of 
nutrition both to the genesis of tumors and to the 
growth of tumors once they have become estab- 
lished. 

Dietary deficiency of protein, usually measured 
by decreased body growth, may be the result of 
too little of a relatively complete protein or of a 
customary amount of a deficient protein (deficient 
in One or more essential amino acids). Tt has been 
shown that diets in the latter category may inhibit 
the formation of tumors and retard the growth of 
tumors. Most of the experiments employed dicts 
so deficient in protein (or essential amino acids) 
that the food consumption and body growth of the 
experimental animals were considerably reduced. 
In a recent review (15) we expressed the opinion 
that, except for certain special cases, the retarding 
effects of protem-deficient diets, on tumor forma- 
tion and tumor growth, were generally due to 
voluntary caloric restriction or decreased body 
growth. 

In contrast with these protein deficient diets, 
the present investigations were carried out with 
quality and quantity of protein that permitted the 
mice to grow well and appear healthy. In our early 
experiments the effects of an adequate ration com- 
posed of many unpurified commercial components 
were compared with those produced by the same 
ration increased in protein content by substituting 
vitamin-free casein for part of the carbohydrate. 

* This investigation was aided by a grant from the National 
Cancer Institute, National Institutes of Health, U.S. Public 
Health Service. 

** Supported, in part, by the Michael Reese Research 
Foundation and the Foundation for Cancer Research. 


In later studies, semipurified diets were used, the 
protein content ranging from 9 percent to 45 per- 
cent casein. In each of the series of experiments, 
the health and weights of the mice of the indi- 
vidual groups were good and of the same general 
order. 

Because experience has shown that the effeets of 
an experimental procedure may vary with the tu- 
mor, four types of mouse tumors were investi 
gated: Spontancous mammary carcinomas; skin 
tumors induced by carcinogenic hydrocarbons; 
subcutaneous sarcomas induced by a carcinogenic 
hydrocarbon; and spontaneous hepatomas of 
strain CSE mouse. A brief report on some of these 
studies has been given previously (16). 


METHODS 

The mice emploved in the present experiments were 
of inbred strains raised in our laboratories. Litter mates 
were distributed, as far as possible, among the several 
groups comprising an experiment, The mice were fed 
Purina fox chow checkers from weaning until trans- 
ferred to the experimental diets. They were housed in 
groups of 5 (except where otherwise indicated) in solid 
bottom cages with bedding of wood shavings and peat 
moss. Drinking water was available at all times, Each 
mouse was numbered and its progress recorded indi- 
vidually, 

In each of the investigations reported, the protein 
content of the individual diets was varied by substitut- 
ing protein (‘vitamin-free” casein”) for an equal weight 
and caloric value of carbohydrate (cornstarch), The 
other components of the diets—fat, vitamins, and 
minerals—were identical in source and amount. In 
the earlier experiments, only two levels of dietary pro- 
tein were compared. One ration was composed of 
Purina fox chow meal," skimmed milk powder, and corn- 
starch. The second ration was similar except that a 
part of the cornstarch was replaced by an equal weight 
of ‘‘vitamin-free’’ casein. In later experiments diets com- 
posed of partially purified foodstuffs were employed: 
‘“Vitamin-free” casein, cornstarch, partially hydro- 
genated cottonseed-soybean oil,’ and a salt mixture. 
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The Bevitamins were supplied by a small amount of a 
rice bran extract’ supplemented by erystalline B- 
vitamins.” Vitamins A, D, and IK were given either in 
cod liver oil and wheat germ oil, or in a concentrate,” 
All the vitamins were supplied in excess of known re- 
quirements for growth, In some diets amijel! or gelatin 
was used) principally as a binder. 

a. A commercial ration manufactured by Ralston Purina 
Company. Compounded from a variety of grains, leaf, meat, 
and fish meals, and supplemented with vitamins. For mice, it 
isan entirely adequate ration for growth, breeding, and lacta- 
tion. Protem 25 per cent, fat 5 percent, and ash 6 percent. 
b. Labeo vitamin free casein, Borden Vitamin Co, Such prod- 
ucts Contain minute quantities of the Bo vitamins (5). e. 
Powdered cornstarch, Buffalo No. 126, Corn Products Sales, 
Argo, Hlinois. d. Kremax, generously furnished by Armour and 
(o., Chicago. «. Wesson's modification of the Osborne-Mendel 
salt mixture (20). Ff. Vitab, generously furnished by National 
Oil Products Co., Harrison, No. g. Crystalline vitamins con- 
tributed by Merck & Co., Rahway, NI he A concentrate of 
vilamins A, D, and I, contg@ibuted by Distillation Products 
Ine., Rochester, N.Y. i. A pregelatinized cornstarch. j. Pure 
food gelatin, Wilson and Company. No. 140. 


The composition (protein, fat, carbohydrate, ete.) 
of the diets was determined from data supplied by the 
manufacturers. ‘These data were also employed in 
calculating the caloric values of the rations using 9, 4, 
and + calories per gram of fat, carbohydrate, and 
portein, respectively. 

The diets were prepared by mixing the weighed in- 
gredients with sufficient water to make a mash which 
was spread in pans and cut into blocks of appropriate 
size. They were made once a week, stored in a refrigera- 
tor at 4° C, and fed daily. At various times the food left 
in the cages was weighed; since the mice were given a 
known amount of food, the average food consumption 
could be approximated, 

At two week intervals during the experiment, 
the mice were weighed and inspected for tumors and 
other gross changes. All animals were examined post 
mortem. ‘Tumors were recognized grossly; a consider- 
able number were examined microscopically, including 
all the questionable lesions. 

In reporting the effects of different levels of dietary 
protein on tumor formation, both the incidence of 
tumors and the average time of their appearance is 
given, 


EXPERIMENTS 
SPONTANEOUS MAMMARY ‘TUMORS 


wu periment 1.—'Two equivalent groups of 50 
dba female mice were placed on the experimental 
diets when they were 9 to 16 weeks of age. One 
group, al2, was fed a ration consisting of 35 per- 
cent fox chow meal, 24 percent skimmed milk 
powder, and 41 percent cornstarch; the ration fed 
the second group, al19, contained the same 
amounts of fox chow meal and milk powder, and 
one-third of the cornstarch was replaced by an 
equal weight of “‘vitamin-free” casein. The two 
diets therefore contained the same kinds and 
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amounts of fat (2 per cent), minerals (5 per cent), 
and vitamins. Diet al2 contained 18 per cent, and 
dict al?, 32 per cent protein. The diets were fed 
at a level of 3.4 gm. per mouse daily, and through- 
out the experiment the animals of both groups con- 
sumed, on the average, from 3.0 to 3.4 grams daily. 
As indicated in Table la, the average growth of the 
mice was satisfactory and equivalent in the two 
groups. The experiment was ended when the mice 
were 104 weeks old. The pertinent data are given 
in ‘Table tb. 

Increasing the dietary protein from 18 per cent 
to 32 per cent, with casein, appears to have in- 
hibited the formation of mammary tumors. At 
least part of this apparent inhibition was due to 
the increased death rate from non-tumor causes 
in the group fed 32 per cent protein (al9). After 
the mice reached 50 weeks of age, only 4 of the al2 


TABLE ta 


GROWTH OF MICE IN EXPERIMENT 1] 


AVERAGE HODY Wetant (am) 
Aut (weeKs) 


(nour 14 SO 0) 60) 4) 
nl2-18% protein 22 $2 °* 36 $2 $1 
al? 32% protein 2% $3 $5 $9 52 


mice died without mammary tumors (at an aver- 
age age of 81 weeks), compared with 13 of the al9 
mice (at an average age of 73 weeks). A practical 
method of approximately correcting for the effect 
of non-tumor deaths on the incidence of tumors is 
that deseribed by Bryan and Shimkin (2). By us- 
ing this method for calculating an adjusted total, 
the difference in incidences of mammary tumors 1s 
reduced. Nevertheless, the results were considered 
suggestive enough to extend the investigation by 
the following two experiments. 

yaperrment 2.—In this study a wider range of 
dietary protein levels was investigated. 250 C3H 
female mice, born within a 1 week period, were di- 
vided into 5 equivalent groups and, when 13 to 14 
weeks old, were placed on the experimental ra- 
tions. 

85 per cent of the diet was composed of casein 
and cornstarch, in the following proportions for the 
several rations: 


Percent Percent 
Group casein cornstarch 
nl 9 76 
n2 18 67 
n3 27 58 
n4 36 49 
nd 45 40 


The remaining 15 per cent of the diets was the 
same for all 5 rations, consisting of Kremax 3 per 
cent, cod liver oil 1 per cent, wheat germ oil 1 per 
cent, salt mixture 4 per cent, Vitab 1 per cent, and 
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amijel 5 per cent, Synthetic B-vitamins were added gms (i.e. 9b calories) per mouse per day, and the 
in the following amounts in micrograms per gram mice ate all the food given them, 

of ration: thiamin hydrochloride, 2.5; riboflavin, 120 CSE female mice born within an tl day pe- 
1.25; calcium pantothenate, 7.5; pyridoxine hydro- riod were divided into 8 equivalent groups, As de- 
chloride, 1.25; and choline chloride, 250, ‘The cal-  seribed in previous publications dealing with ani- 
culated caloric values per gram of diet ranged from mats fed calarie-restricted diets, each set of 5 mice 
$8.78 for ni to 8.80 for nd. was housed in two cages (15); at each biweekly 


TABLE th 


ErRRECT OF CASKEIN-ENRICHMENT OF DIET ON THE FORMATION OF SPONTANEOUS 
MAMMARY CARCINOMAS IN DIBA FEMALE MICE 


Mich WITH MAMMARY TUMOt: Adh OF MICH AT APPRAN 
Vercent of Percent of ANG H) Cb PUMOtte Mich TUMOK 
NUMBRR OF MiOW effective wiljuntedt CW ti tute et ) rE AND ALIVE 
GRour Ki ffective Adjusted" Nutber total total Range Mean Av 104 Winn? 
al’ 18%) protein 47 46 47 7) HO) b2 108 TH OL? 4 (i 
ald Sees protein 40 ho vt Ss (i SO 108 HO $18.0 10 


* Number of mice alive when ist tumor was observed tn experiment, 
® Corrected for deaths af nou-tumor mice (8), 


‘Avge of mice when experiment was terminated 


The diets were fed daily ata level of 4.0 grams weighing the 5 mice were divided, placing the 
per mouse. Accurate food consumption figures heavier animals in one cage, the lighter animals in 
could not be obtained, but, on the average, the — the other cage. In this way, over the course of the 
mice ingested about $3.3 to $8.5 gms. daily. The experiment, each animal was given nearly equal 
growth of the mice on the several diets was satis- access to the available food. ‘The experimental 
factory. In ‘Table 2a, the average weights of the diets were initiated when the mice were 19 weeks 


mice without tumors are given until l year of age; — old. 


subsequent to this time the numbers of surviving The average increases in body weight were not 
tumor-free mice were too small for the averages equivalent for the three groups, despite equal 
to be significant. caloric intakes (Table Sa). The condition. of 


those animals not bearing mammary tumors was 
excellent, and only two mice died without tumors 
by the end of the experiment, when the surviving 
AvmRAGE BODY WaaNT (ama) mice were 110 weeks old. The results with respect 
Aak (WrRKa) . . * FEN hI 

to mammary tumor formation are given in ‘Table 


TABLE a 
GROWTH OF MICE IN EXPERIMENT 2 


Group 14 v0 ws SO 44 je 
nl- 9% casein a SY 3h. 7 
ne-18% casein ws 360 89 40 8D 40 In Experiments 2 and 8, the final incidences of 
n3-L7% casein 25 34 38 $0 36 # 937 

4 - TrTyVv *S | ’ . » ’ c 0 
n4-36% casein 25 84 39 39 88 37 mammary tumors did not vary with the level f 
n3-45% casein 244638) 88) «88 O88 O87 dietary protein. However, in both studies, the 


tumors tended to appear more rapidly in the mice 

The experiment proceeded smoothly and there fed 18 per cent casein than in those fed lower or 
were relatively few deaths of mice not bearing higher proportions of casein. This latter observa- 
mammary tumors. These non-tumor deaths oc- tion is also consistent with the results of Expert 
curred, in the main, after the 80th week. The ex- ment 1 in which both tumor incidence and average 
periment was terminated when the mice were 2 time of appearance were somewhat retarded in the 
years old, at which time only 2 of the remaining — group fed the 82 per cent protein diet. Despite the 
mice (in n4) were free of mammary tumors. The agreement among the results of the 3 experiments, 
data relative to tumor formation are shown in it is apparent that the level of dietary casein did 
Table 2b. The results will be discussed in connec- not strikingly affect the formation of mammary 
tion with Experiment 38. tumors. 

Experiment 3.—The diets were composed exact- In these experiments there were incidental find- 
ly as those of Experiment 2 except that (a) only 8 ings which are presented without reference to the 
levels of dietary protein were studied, and (b) the diets since they were not dependent on the levels 
rations were fed at a restricted caloric level in — of dietary protein. 
order to insure equal food consumption. The Growth of mammary tumors.—In the previous 8 
casein levels of the three rations were 9, 18, and experiments, the growth rates of the tumors of the 
36 per cent. The rations were fed at a level of 2.5 individual mice were determined. At 1 or 2 week 
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intervals, until the antmal died, the major and 
minor axes OF the tumor were measured, by means 
ofa caliper, to the nearest millimeter, Phe average 
increase tn the sum oof these measurements, ex 
pressed) in OT mm per day, is referred to as the 
growth index (12). Phe growth tndices of the tdi 
vidual tumors varied considerably from 0.8 to 1, 
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Lween growth index and survival time was O51, 
Although statistically significant, ite magnitude 
sueeste that the rate of growth of the tumor is 
only one of many factors that determine survival 
Line, 

Multiple mammary tumors, COULD female mice 
often develop more than one mammary carcinoma, 


TABLE @h 


Mee ERCT OF PROPORTION OF DIM PTAIRY CASEIN ON THE FOUMATION OF SPONTA 
NEOUMN MAMMARY CARCINOMAS IN CSEEREMALE Micrw hep Ap Linvrum 


Auth OF MICH AT APPRAHAN CR 


Mich With MAMMAKY on VUMOtN 
Numi ov rei Menten (weeks) 
(amour Mie Ke Nistnabves Percent Hane Meun 
nl O% cnsem ‘0 AM 5 a 2 1.64242 
ne IW cunein iO 47 4 “nH wh A7.04%.% 
nis 279%) canein AD AW Wa “ay 4 AW. 42.4 
wh Wp “Ne HD 50 AW {2 24 104 Hi oreo 
nh 4%, casein WD A'2 aD | 21 44.6426 


ln Mxpermment | (dba mice), the average growth 
indices were 7.2 1 0.6 and 6.2 4 0.7 for groups 
al2 and al? respectively, In Experiment @ (C3il 
mice), the average growth indices of the 5 groups 
ranged from 5.0 + O4t06.8 + 0.5; in Experiment 
$,from 4.8 + O4lo o4 + 0.5. There was no regu- 
lar association between the proportions of dietary 
protein and the average growth indices of the 
Mammary Cumors, 

Survival of mice with mammary tumors, nw Vex- 
periments 2 and 3, the mice bearing mammary 
carcinomas were allowed to live until they died 
none were sacrificed, The mice of Experiment 2 
survived from 1 to 23 weeks and those of Hxpert- 
ment $ from | to 36 weeks after the tumors were 
first observed, usually when they were about 0.5 
em. in diameter. 

There was no association between the propor- 
tion of dietary protein and the interval between 
the detection of the tumor and the death of the 
mouse: In Experiment 2, the average survival 
time of the mice of the several groups ranged from 
92+ 0.6to TLL + 0.8 weeks and in Experiment 
3, from 11.8 + 0.9 to 11.9 + 1.0 weeks. Further- 
more, the survival time of the animals was inde- 
pendent of the age at which the carcinomas arose: 
For example, the animals developing tumors be- 
tween 30 and 50 weeks of age lived, on the average, 
the same length of time as those mice developing 
tumors at 80 to 100 weeks of age. 

However, there was a correlation between the 
rate of growth of the tumor and the survival time 
of the animal: Those animals in which tumors grew 
more rapidly, tended to live a shorter time. For 93 
mice bearing single mammary carcinomas (Experi- 
ment 2), the coefficient of linear correlation be- 


In Mxpertment 2, multiple tumors appeared | mn 40 
Lo O67 per cent of the tumor-bearing mice of the 5 
groups; a few formed as many as 5. In Experiment 

from 42 to 55 per cent of the tumor-bearing 
animals in the 8 groups developed more than one 
mammary carcinoma, In neither experiment was 
there a consistent correlation between the level of 
dietary protem and the incidence of multiple 
Mammary tumors, 


TABLE Sn 


GhOWTH OF MICK IN EXPVREIMENT % 


Avenace wony wean? (ame) 
Aun (weewn) 


(snour i” “2K 4 44 54 
nb) OY, ensein 2h 25 2% LA ws 
nb2 IBY, casein 2h 47 ws Ws ay 
nbs SOY, casein 25 20 27 27 Wy 


Mclastases to lung. \n experiments 2 and ! 
an appreciable proportion of the mice with mam- 
mary carcinomas had grossly visible tumors of the 
lungs at autopsy. These were all examined micro- 
scopically and, except in a few dubious instances. 
were ascertained to be metastases from the mam- 
mary tumors. There was no relationship between 
the level of dietary protein and the incidence of 
metastases in cither experiment. Furthermore, the 
occurrence of metastases did not depend on the age 
of the mouse. However, these grossly visible lung 
metastases were found more often in mice that had 
mammary tumors for a longer time (Table 3c). 

This observation—that grossly visible lung me- 
tastases occurred more frequently in mice bearing 
their mammary tumors for more than 2 months— 
may indicate that metastases derived more fre- 
quently from large, partially necrotic tumors. It 
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may be, on the other hand, that metastases’ were 
seen in fewer instances In mice bearing mammary 
tumors for less than 2 months only because the 
metastases had less time to grow to a visible size. 


INDUCED SKIN ‘TUMORS 


In the following experiments, tumors of the skin 
were Induced by periodic application, by means of 
a dropping pipette, of a solution of a carcinogenic 
hydrocarbon to the skin of the interscapular area. 


Research 


intervals; 17 applications were given beginning 
two weeks after the experimental diets were insti- 
tuted. | 
As shown in Table 4a the mice of the two 
groups grew at about the same rate. Only 2 of the 
non-tumor mice in group x12 died during the course 
of the experiment; on the other hand, 8 of the non- 
tumor mice of group x19 died before the end of the 
experiment, principally during the last two 
months. The study was terminated 54 weeks after 


TABLE 3b 


EFFECT OF PROPORTION OF DIETARY CASEIN ON THE FORMATION OF SPONTANEOUS MAMMARY 
CARCINOMAS IN C8H FEMALE MICE FED ISOCALORIC DIETS 


AGk OF MICK AT APPEARANCE 


Mick WITH MAMMARY OF TUMORS Mice TUMOR 
NUMBER OF TUMORS (weeks) FREE AND ALIVE 
Group MICK Number Percent Range Mean Av 110 weeks" 
n5l— 9% casein 40 $6 36-99 62.6+2.7 
n52—-18% casein 40 $7 31-91 55.94+2.7 2 
nd3-36% casein 40 36 90 33-08 58. 143.0 3 


® Age of surviving mice when experiment was ended. 


Most of the lesions were first observed as papil- 
lomas that generally became carcinomas; occasion- 
ally they were carcinomas when first seen. A few 
sarcomas and myxomas of the skin also appeared. 
Since the proportions of these categories did not 
vary from one group to another, and all the lesions 
were Induced by the carcinogen, they are all com- 
bined, in the presented data, as skin tumors. 
TABLE 8c 
ASSOCIATION BETWEEN SURVIVAL TIME AND 
INCIDENCE OF LUNG METASTASES 


TIME IN WEEKS BETWEEN TUMOR APPEARANCE AND DEATH. 


0 to 9.5 weeks. More than 10 weeks 
Mice with Percent Mice with Percent 
mammary with lung mammary with lung 
tumors metastases tumors metastases 
Experiment 2 110 13 101 36 
Experiment 3 44 2 G4 27 


Experiment 4.—Two groups of dba male mice, 
born within a 6 week period, were employed. When 
the mice were 9 weeks old, on the average, they 
were placed on the same diets as those of Experi- 
ment 1. Group x12 was fed the diet composed of 
Purina fox chow meal, skimmed milk powder, and 
cornstarch, while group x19 was given the casein- 
enriched ration. The significant difference in the 
diets was the protein content: 18 per cent in x12, 
and 32 per cent in x19. The diets were fed at the 
level of 4.0 gms. per mouse per day. The two 
groups consumed approximately equal amounts of 
food during the course of the experiment, the aver- 
age daily intake varying from 3.7 to 4.0 gms per 
mouse. 

The carcinogen was a 0.3 per cent solution of 
3,4-benzpyrene in benzene, applied at semiweekly 


the first application of carcinogen, since few new 
tumors were forming. The data are summarized in 
Table 4b. 

Somewhat fewer of the mice fed the 32 per cent 
protein ration developed tumors, and these, on the 
average, appeared at a later time. In x19 (32 per 
cent protein), 52 per cent of the mice developed 
skin tumors at the average time of 39.4 weeks after 
the first application of carcinogen, while in x12 (18 


TABLE 4a 
GROWTH OF MICE IN EXPERIMENT 4 


AVERAGE BODY WEIGHT (GMS) 
Weeks after Ist application of carcinogen. 
Group — 0 6 12 20 30 40 


x12-18% protein 24 @ 33 37 38 39 38 
x19-32% protein 25 @9 33 38 38 = 37 37 


per cent protein) 65 per cent developed tumors at 
the average time of 34.3 weeks. The difference in 
incidence or in mean time of appearance is not of 
statistically significant magnitude. 

Experiment 5.—250 dba male mice born within 
a period of 4 weeks were divided into 5 equivalent 
groups and placed on their respective rations when 
they were 10 to 14 weeks old. The diets had the 
same compositions as those employed in Expert- 
ment 2. Groups n6, n7, n8, n9, and n10 were fed 
diets containing 9, 18, 27, 36, and 45 per cent, re- 
spectively, of protein (casein); all rations con- 
tained the same concentrations of fats (5 per cent), 
salt (4 per cent), and vitamins. The rations were 
fed ad libitum, and during the course of the experi- 
ment the food consumption ranged from an aver- 
age of 3.4 to 3.8 gms. per mouse daily. 

Treatment with carcinogen, 0.3 per cent meth- 








‘TANNENBAUM AND SILVERSTONE—Genests and Growth of Tumors. IV 


ylcholanthrene in acetone, was initiated 4 weeks 
after the diets were instituted. Five applications of 
varcinogen were given at 5 day intervals. During 
the next 14 weeks no tumors arose; consequently 7 
more applications were given at 5 day intervals. 
Thus the mice received 12 drops of the carcinogen 
solution during the first 21 weeks of the experi- 
ment. 
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hasis of effective total), there were respectively 9 
and 8 deaths of non-tumor mice compared with 
only 3 or 4 in the other groups. When the results 
are calculated on the basis of “‘adjusted totals,” 
the small differences in incidences become even 
smaller. 
The data of Experiments 4 and 5 indicate that, 
within limits supporting good body growth, wide 


TABLE 4b 


KEFFECT OF CASEIN-ENRICHMENT OF DIET ON THE FORMATION 
OF BENZPYRENE-INDUCED SKIN TUMORS 


NUMBER OF 


Micke TUMOR 


MICE TIME OF TUMOR APPEARANCE FREE AND ALIVE 
(Kerrective Mick FORMING SKIN TUMORS (WEEKS)* AT END OF 
GROUP TOTAL) Number Percent Range Mean EXPERIMENT? 
x12-18% protein 54 35 13-52 34.34+1.6 17 
x19-32% protein 48 25 13-54 39.4+2.4 15 


® Time in weeks after Ist application of carcinogen. 
b 54 weeks after Ist application of carcinogen. 


Although the mice of all groups grew well on the 
several diets, those fed 18 per cent casein (n7) and 
27 per cent casein (n8) generally weighed more, on 
the average, than the mice of the other groups 
(Table 5a). 

TABLE 5a 
GROWTH OF MICE IN EXPERIMENT 5 
AVERAGE BODY WEIGHT (GMS) 


Weeks after Ist carcinogen application 

Group —4 0 4 12 20 30 40 

n6— 9% casein 27 2D 33 38 40 39 = 37 

n7-18% casein 27 «Co 382i HK HOS 4S 

n8-27%) casein 270-3828 8 400— 4 400 

n9-36% casein 26 8=6S1 2s Ft Ft FT & 

nlO-45% casein 2 31 338 £37 38 = 38—~— 37 


The experiment was terminated at the 46th 
week after the first application of carcinogen when 
only a few new tumors were appearing and only 
about 10 per cent of the animals were alive and 
without tumors. The data are summarized in 
Table 5b. 

There were no significant differences, in either 
incidence or time of appearance of tumors among 
the several groups. In groups n9 and n10, which 
developed the lowest incidences of tumors (on the 


variations in the level of dietary protein (casein) 
have no significant effect on the formation of skin 
tumors induced by carcinogenic hydrocarbons. 


INDUCED SARCOMAS 


vaperi_ment 6.—Two groups of 50 C57 Black 
female mice, born within an 8 week period, were 
employed. When the mice were between 10 and 18 
wecks of age they were transferred to rations iden- 
tical with those utilized in Experiment 1: Group 
a32 was fed the ration containing 18 per cent pro- 
tein and group a39 the ration containing 32 per 
cent protein. At the time the diets were begun, 
each mouse was injected subcutaneously in the 
interscapular area with 0.15 mgm. 3,4-benzpyrene 
in 0.2 ce of a low melting fraction of lard. 

During the experiment the mice consumed, on 
the average, from 2.5 to 3.0 gms per mouse daily 
and there was no difference between the two 
groups. The growth of the mice is indicated in 
Table 6a. 

A number of mice—11 in a32 and 14 in a39— 
were sacrificed because they developed ulcers of 
the skin or, in a few cases, lymphomata. The skin 


TABLE 5b 


EFFECT OF PROPORTION OF DIETARY CASEIN ON THE FORMATION OF 
METHYLCHOLANTHRENE-INDUCED SKIN TUMORS 


MICE WITH SKIN TUMORS 


NUMBER OF MICE 


GROUP Kffective Adjusted Number 
n6— 9% casein 49 47 41 
n7-18% casein 46 45 37 
n8—27% casein 48 47 42 
n9-36% casein 50 45 36 
nl0-45% casein 50 45 38 


MICE TUMOR 


Percent of Percent of MEAN TIME OF FREE AND ALIVE 


effective 


adjusted TUMOR APPEARANCE AT END OF 
total total (WEEKS)* EXPERIMENT” 
84 87 33.32+0.9 4 
80 82 $5.1+1.1 6 
87 89 34.7+1.1 2 
72 80 34.4+1.0 5 
76 84 35.1+1.1 + 


— 
® In weeks after Ist application of carcinogen. The range of times of appearance of tumors was from 24 to 46 weeks in all groups. 


b 46 weeks after Ist application of carcinogen. 
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ulcerations appeared independent of the site of in 
jection of carcinogen, and a few became so exten 
sive ginding the body and involving the forelegs 

that the weights of the affected mice were con 
siderably depressed, Sinee these ulcerations o¢ 
curred in about the same number of animals in 
both groups and at about the same time, these 
animals were omitted from the data, leaving only 
SY mice in group ase and 86 in group aso, The ex 
periment was ended SO weeks after the injection 
of carcinogen since only E tumor Cin asi) appeared 
after the 88rd week, 


TARLE Ga 


GROWTH OP ALOR EN TNPRRUEMEN TR € 


AV PRAGE BODY Whar (ana) 
Weeks after injeotion of earetnogen 


Cermorr 0 A 10 v0 no uy 
ate TNE) caren vi v4 vi 40 ie ‘4 
asp AVE, casein v0 v4 ta) WN 80 ae 


There were no differences, either in ineidence or 
Induetion time of sarcomas, between the group of 
mice fed 18 per cent (ase) and that fed 88 per cent 
protein (a8) (Table 6b), On the average, the 
growth rates of the sarcomas was the same tn both 
groups, the mean growth indices being 10.7 + 1.8 
and 10.6 4 14 for groups a8 and aS) respee 
tively, 

SPontanwous Heratomas 


In Experiment &, performed with CSE female 
mice, some of the animals which survived past 60 
weeks of age were found to have, at autopsy, gross- 
lv visible tumors of the liver, These were grossly 
and microscopically recognized as benign hepa- 
tomas. ‘The data are summarized in ‘Table Ta. 

The ineidence of hepatomas in the mice fed 9 
per cent casein was significantly lower than in 
those given higher proportions of dietary casein. 
This incidental finding prompted the following ex- 
periment, 

Experiment ?.—Three groups, each of approxt- 
mately 50 CSH male mice, born within a 3 day 
period, were transferred to their experimental ra- 
tions when they were 21 weeks old. Groups ANI, 
AR, and AKS were fed rations containing 9, 18, 


and bd per cent casein respectively, supplemented 
with cornstareh to the level of 86 per cent of the 
chiet, The renege bb per cont of the dhets were 
Klontionl: Kremax, 6 percents salt mixture, & pep 
cent: Vitab, 1 per ont: Rullex', 2 per eents and 
welatin, @ per cont. Phe vitamin supplements per 
gram of food were Uhiamin ECT, 6:7 miterogranme: 
Nboflavin, bE micrograms; pyridoxine THC 3.9 
micrograms; Ca. pantothenate, 1d mierograna: 
niacin, ED mierogrameas choline chloride, 240 micro 
yrams; amd a coneentrate contami Qh USP, 
mits of A, Ok TUS unite of Dy and OOF math 
gramme of on QOL pin, cottonseed oil, 

The mice were fed ad libitum, The average food 
coustmption of the mice of AKL was consistently 
ywroater Chan Chat of the miee of ARS whieh tn turn 
constmed more than the mice of ARS. On the 
average, the mice of AKT ate S$.) gin, and those 
of AWK 8.7 pis, daily, During the first LO weeks, 
the mice of ARS constimed about $.0) gins daily 
nnd then tnereased their food intake to 8.5 pans, 
We can offer no explanation for the unusual food 
consumption pattern of the mice of group AMS, 
The growth of the antmats is shown tn Pable 7b, 

The individual animals maintained: fairly con: 
stant weights from the age of $8 weeks until they 
were sacrificed at d6 weeks. At this time, the 
lengths of the animals, from the snout to the base 
of the tail were measured to the nearest millimeter, 
Ineach group the body length ranged from 10.7 to 
bh.demand averaged 11.0 cm. Tt imay be inferred, 
then, that the differences ino body weight were 
largely differences in body fat. 

At autopsy, when the mice were 18 months of 
age, hepatomas were noted and measured, The 
resulting data are given in ‘Pable Ze. 

The differences ino incidences of hepatomas 
among the 8 groups are statistically significant, 
The ineidences of tumors in the mice of the groups 
fed 9, 18, and 45 per cent casein were LL, GL, and 
$8 per cent respectively; these data are in general 
agreement with those obtained in Experiment & 
(‘Table Ta). Of the 4 tumors studied in this in 


1. A roughage consisting of celluloses from rice hulls (Fish- 
er Scientitie Co.) 


TABLE 6b 


EFFECT OF CASEIN-ENRICHMENT OF DIET ON THE FORMATION OF 
BENZPYRENE-IN DUCED SARCOMAS 


Mick TUMOR 


TIME OF APPEARANCE® YREE AND ALIVE 
NUMBER Mick PORMING SARCOMAS OF SARCOMAS (WEEKS) AT WND OF 
Group OF MICE Number Percent Range Mean KXPERIMEN TY 
a32-18% protein $9 20 51 15-38 24.6+1.0 19 
a89-S2% protein 36 19 53 19-89 24. 4+1.1 17 


® Weeks after injection of benzpyrene. 
> $9 weeks after injection of benzypyrene. 
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vestivetion, Chee resulia with hepatonuia are the 
niont berking 

Acnumber of mice were smeriiioed at 84, 0b, and 
Homonths of age for Distologionl and ehemient 
stiches, Phe livers were examined mieroneaplontly 
folal liver lipids, lipid) phosphorus and total 
cholesterol were determined: by standard proce 
dures (HO); hepatic ribotlavins was determined 
fluorometroatly (Dp and Tiver protein nitrogen wan 
determined by onerokjeldahl (6), ae the nitrogen 
of the residue tnsaoluble i5 per eent triehlorneetie 
acid, Sinee the results were not associted with the 
ave ofthe antmads, Che data obtated at the several 
Limes are grouped and simmarived ta Pable #, 

TALE Ta 
INCIDENCE OF TREPATOMAN IN Mice 
OF TE NPRTIMENT @ 


Number of mice with liege teria ved 


Percent dletary total other of cide aacnibicedt 


cane in between Ob amd PLO weeka of age 
) v/20 (10%) 
IM 10 (NEY, ) 
v7 w/et (any) 
at / 1m (50%) 
hs T/e1 Gn) 


None of the factors studied was correlated with 
the meidences of hepatomas, On the other hand, 
some Of the factors, themselves, were affected by 
the proportion of chetary protem, Phus, the rela 
live (and absolute) weights of the kidneys, the lev 
ely of hepatic protein, and the concentrations of 
hepatic riboflavin inereased with increasing: pro 
portions of dietary protem. In contrast, the 
weights of the livers per hundred grams of mouse, 
the concentrations of hepatic phospholipid and 
Cholesterol, and the fat-free dry weights of the 
livers did not differ with the amounts of protein 
ingested. “Phe higher levels of total liver lipids in 
the mice of AIT and AKY may have been due 
partly to the low choline content of the diets 
(about O.O# per cent) but were related mainly to 
the body weights of the individual mice, In each 
group of the present series, and in other experi- 
ments, we have found even in mature animals 
maintaming their weight or growing slowly a 
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1g) 


pomitive correlation between body weight and total 
liver lipids: Heavy antinals frequently have high 
lotal liver fat. Phun the lower average liver lipids 
OF the AWS mice may have been due to their lower 
uvernge body wemhta; of the mice of AK ane 
lvved, 7 weighed $7 pins, or lew and theie total 
liver lipilanvernwred 7.4 percent, while the remuin 
iy dance weimhed 40 gins, or more with total liver 
pis averaging Td per cent 

Histologic examination of the livers of the above 
mice revented no significnnt differences except that 
niild to modermte fatty mfiltration wae found tn 
Lhe livers chemically determined to have a high fat 
conbenl 


TAWLI Th 


Gnowrh OF Mien in EXPEMIMENT 7 


Aviitane heehee Weiitit (ume) 
Aue (weeka) 


PT aie ah vu nn 4] i 
Akt WY, onsen tt 4 ail) 14 Ala Ala 
AK? 1HY, cnsein mw 6 67:~C«dKO O40 OAD 
Aki WA cwment 4s it is Mh 47 47 


*Pbieta inatitutedl when tine were 41 weeke old 


DISCUSSION 


There are many studies on the relationship of 
the quality and quantity of protein to the incidence 
and growth of tumors, Mowt of the early investiga- 
lors cid not dissociate the origin or establishment 
Of a tumor from tts subsequent growth; others em 
ployed such varying foodstuffs that it is difficult to 
ascribe the effeets specifieally to differences in 
quality or quantity of protem, The literature to 
142 has been reviewed by Stern and Willheimn 
(11). In the following discussion the more sub- 
stantial findings are reviewed, 

Formation of tumors. White and associates 
have reported interesting investigations on the ef 
fect of diets deficient in either cystine or lysine. 
Some of these experiments have been performed 
with the spontancous mammary carcinoma, others 
with induced leukemia. They observed that C3H 
virgin female mice on a low cystine diet (contain- 
ing 3.9 per cent casein) from the time of weaning 
did not develop mammary tumors (23). On the 


TABLE Te 


MEFECT OF PROPORTION OF DIETARY CASKIN ON THE INCIDENCE OF 
SPONTANEOUS HEPATOMAS IN CST MALE MICH 


Numpen* 


Gnour OF MICK Number 
AK1~ 9% casein 4A 5 
AK2-18% casein 46 2h 
AKS-45% casein 45 17 


Mick WITH HEPATOMAS 


NumMnEn OF 
Mick wWwiti 


MULTIVLY Size ov HeEPATOMAR”’ (mu) 


Percent HEVATOMAM Range Mean 
1] () %-1% 4.4 
61 (5 2-16 7.6 
$8 g 214 6.0 


® Mice alive at 18 months of age, when the experiment was ended, 


b In animals with more than one hepatoma, only one (the largest) was used in determining average size. 
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other hand, mice consuming the same diet, except 
that 0.5 per cent starch was replaced by 0.5 per 
cent /-cystine, developed 97 per cent spontaneous 
mammary tumors. It should be pointed out that 
the mice on the low cystine diet failed to grow, 
weighing, at 6 months, 12.4 gm. in comparison 
with 25.8 gm. for those on the eystine supple- 
mented diet. 

In another experiment, 25 per cent of a group of 
mice fed a diet low in lysine (the diet contained 18 
per cent gliadin as the principal source of protein) 
developed spontancous mammary tumors, com- 
pared with 97 per cent in a comparable group of 


as an essential amino acid for growth, but with 
some other undetermined property.” 

We are in general agreement with this conelu- 
sion, but are of the opinion that the effects ob- 
tained with the spontaneous mammary carcinoma 
are probably due to the voluntary caloric restric- 
tion that occurred in those experiments. This in- 
ference is supported by the experiments of Larsen 
and Heston on spontaneous pulmonary tumors 
(5). ‘They observed that the decreased tumor in- 
cidence in mice fed a low eystine ration was of the 
order produced by the same diet supplemented 
with evystine, but restricted in amount to that 


TABLE 8 
EFFECTS OF VARYING PROPORTIONS OF DIETARY CASEIN ON THE RELATIVE 
WEIGHTS OF KIDNEY AND LIVER, AND ON 
VARIOUS LIVER COMPONENTS® 


AKI AKY AKS 
9°), Casein 18°), Casein 45°, Casein 
Weights of analyzed Mice (gms) $548 $745 $242 
(38.0) (38.3) (34.0) 
Weights per 100 gm. mouse (gm) 
Liver 1. 6-7.3 5.1-6.2 4.4-5.8 
(5.2) (5.6) (5.2) 
Kidneys 1. 2-1.4 1 4-1.6 1.6-2.0 
(1. 28) (1.45) (1.84) 
Liver Lipids 
Total lipids, percent 10.9-20.8 14.3-23.3 3.9-16.2 
(15.4) (18.5) (9.5) 
Phosphorus, mgm percent 75-108 67-100 71-122 
(86) (85) (87) 
Total cholesterol, percent .38—.58 338—.68 .25—. 59 
(. 46) (47) (41) 
Liver protein nitrogen, percent 2. 86-2. 94 2.96-3 54 $.36-3 .73 
(2.90) (3.12) (3.52) 
Liver mboflavin, microgms per gm. 23.5-29.4 27 .3-31.5 $2.5-35.9 
(26.0) (29.9) (34.0) 
Fat-free dry weight of liver, percent 25-20 24-28 27-30 
(27.4) (26.7) (28.8) 


® The data represent analyses on LL animals ineach group except for the protein and riboflavin de- 
terminations which were performed only at 18 months on 5 mice in each group. The ranges of indi- 
vidual determinations are given and the figures in parenthesis are the averages; data based on fresh 
organ weights. 


mice fed Purina dog chow (22). At 9 months of age 
the surviving mice fed the low lysine diet weighed 
an average of 21 gm., having weighed 16 to 18 gm. 
at the beginning of the experiment. 

These same low-cystine and low-lysine diets 
also have been investigated with regard to their 
effects on the production of leukemia induced by 
the application of methylcholanthrene to the skins 
of dba mice (24, 25, 26, 27). Mice fed the low lysine 
ration developed essentially the same incidence of 
leukemia as those fed adequate diets. On the other 
hand, the low-cystine diet strikingly inhibited the 
production of leukemia in comparison with the 
cystine-supplemented diet or Purina dog chow. 
The authors state, ““The data suggest that cystine 
played a role in the development of induced leu- 
kemia perhaps not associated with its properties 


voluntarily ingested by the mice on the unsupple- 
mented ration. 

Differing from the above studies are the investi- 
gations employing diets that support relatively 
normal body growth, yet vary in the proportion of 
protein. Among mice fed diets containing either 
20 or 40 per cent protein, Rusch, Johnson and 
Kline (9) found no significant differences in the in- 
cidence of sarcomas induced by injection of 
3,4-benzpyrene. For another type of tumor, the 
azo-dye-induced liver cancer of rats, there is still 
controversy as to the exact effect of varying the 
proportion of protein in the diet (8). However, in 
a single experiment in our laboratory, the incl- 
dence of this tumor was significantly inhibited by 
increasing the casein content of a partially purified 
ration from 10 to 30 per cent (10). 
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In the present investigations 4 different mouse 
tumors were studied: Spontaneous mammary car- 
cinoma, Induced skin tumor, induced sarcoma, and 
spontaneous hepatoma. The proportions of dietary 
protein varied between the limits of 9 and 45 per 
cent. In 3 experiments with the sponteaneous 
mammary carcinoma, 2 with the induced skin tu- 
mor, and one with the induced sarcoma, the differ- 
ences in the protein content of the diets did not 
result in significant differences in the formation of 
tumors. However, in the mammary tumor expert- 
ments there was either a slight increase in the in- 
cidence of tumors or a slight acceleration in the 
average time of appearance of the tumors in the 
mice fed 18 per cent protein in comparison with 
those fed either lower or higher levels. 

In contrast, in the experiment concerned with 
the spontaneous hepatoma, the mice fed 9 per cent 
asein developed significantly fewer tumors than 
those fed either 18 or 45 per cent; this difference 
‘annot be attributed to a lesser food consumption 
or body weight. The hepatoma incidence of the 
group fed 45 per cent casein was lower than that of 
the group fed 18 per cent. Because the incidence of 
spontaneous mouse hepatoma is decreased by 
‘aloric restriction (15) this observation must be 
conservatively evaluated since the mice fed 45 per 
cent casein ate less and weighed less. Since the in- 
cidences of hepatomas in the 3 groups were deter- 
mined only at one time—at autopsy—the ob- 
served differences possibly represent variations in 
the time of tumor appearance only. Nevertheless, 
the data indicate a striking effect on the rate of 
formation. 

Growth of tumors.—Voegtlin and associates (7, 
17, 18, 19) have shown that diets deficient in 
lysine or cystine and methionine retard the 
growth of spontaneous mammary tumors. Kocher 
(4) also investigated the effect of a lysine deficien- 
cy. He observed that when the deficient diet was 
fed for a considerable period (the tumors were ap- 
proximately 10 to 20 mm. in diameter initially) the 
inhibiting effect on growth was transient, the tu- 
mor resuming normal rapid growth after 30 to 60 
days. If the lysine-deficient diet was instituted 
when the tumors were approximately 25 mm. in 
diameter the inhibiting effect was either not ap- 
parent or of very short duration. 

Recently Florence White and Belkin (21), in a 
model experiment of this kind, reported on the ef- 
fect of a low-nitrogen diet on the establishment 
and growth of a transplanted tumor. The experi- 
mental diet was restricted in protein to that con- 
' tained in liver extract (5 per cent of the diet) and 
stated to be inadequate in at least four essential 
amino acids. As compared with the control the es- 


17] 


tablishment or “‘take” of the transplanted tumors 
was not affected by the experimental diet instituted 
| week previous to inoculation. On the other hand, 
the tumors of the protein-restricted mice grew at 
74 per cent of the rate of growth of the tumors in 
the controls. The tumors grew by utilizing the 
tissue protein of the host. 

Our data, on the growth rate of the spontaneous 
mammary carcinoma and induced sarcoma, indi- 
‘ate that variations in the proportion of dietary 
protein (within limits supporting good body 
growth) exert little or no effect on the growth rate 
of the tumors. Although direct measurements were 
not taken, it was our clinical impression that the 
same was valid for the induced skin tumors. More- 
over, in the experiments with the spontaneous 
mammary carcinoma there was no association be- 
tween the level of dietary protein and either the 
duration of life after the detection of the tumor 
or the incidence of visible metastases to the lung. 

General Comments.—Dhiets deficient in protein, 
qualitatively or quantitatively, retard or inhibit 
both the formation and the growth of many types 
of tumors. Since, in the main, such diets are volun- 
tarily consumed in suboptimal quantities it seems 
likely that the resultant inhibition of the genesis 
and the growth of tumors is due, generally, to the 
self-imposed caloric restriction rather than specifi- 
‘ally to the individual or multiple amino acid de- 
ficiency. One demonstrated exception to this inter- 
pretation is the effect of a cystine-deficient diet on 
the induction of leukemia by means of methy!l- 
cholanthrene (27). 

Wide variations in the dietary content of rela- 
tively adequate protein (the diets being ingested 
in relatively equal amounts and producing rela- 
tively equal body weights) do not effect significant 
differences in either the incidence or average time 
of appearance of some types of tumors. The growth 
rates of these tumors are also not affected appreci- 
ably. However, the rate of formation of one tumor 
studied, the spontaneous hepatoma of the C3H 
mouse, appears to be dependent on the proportion 
of protein (casein) in the ration. 

This latter observation, coupled with the fact 
that a somewhat similar effect has occasionally 
been reported for rat hepatomas induced by p-di- 
methylaminoazobenzene, suggests that the liver 
may be unique in its response to variations in the 
level of dietary protein: The varying proportions 
of dietary protein, absorbed through the gastro- 
intestinal tract and brought directly to the liver, 
probably effect wider differences in the concentra- 
tion of amino acids in that organ than in most tis- 
sues. As a consequence, tumor formation in the 
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liver may be more readily influenced by variations 
in dietary protein. 

More important to the general cancer problem, 
however, is that the formation of 8 different types 
of tumors of the mouse was affected to only a 
slight extent, if at all, by wide variation in the 
casein content of the diet. Although not necessarily 
valid for all tumors, this conclusion is probably 
true for many. 

Apart from the studies on tumor formation, 
there are some interesting observations regarding 
growth of the mice. When the diets containing 
from 9 to 45 per cent casein were fed ad libitum, the 
mice of all groups grew well. However, in general, 
those receiving the 18 per cent ration attained, on 
the average, a little higher weight level than the 
mice of the other groups. In 2 studies (experiment 
$ and another nearing completion) in which the 
groups were restricted to the same caloric intake, 
the mice fed 9 per cent casein did not grow as well 
as those fed 18 per cent or more. This may imply 
some degree of deficiency for the diets containing 
9 per cent casein. 


SUMMARY 


There are few reported investigations on the re- 
lationship between the proportion of dietary pro- 
tein, varving within limits that support good body 
growth and health, and the formation and growth 
of tumors. This relationship was studied by utiliz- 
ing diets compounded of commercial foodstuffs 
and/or semipurified components and ranging in 
protein content from 9 to 45 per cent. In each ex- 
periment, the proportion of dietary protein was 
varied by substituting casein for cornstarch, all 
other components of the diet being left unchanged. 
Four different mouse tumors were studied: Spon- 
taneous Mammary carcinomas, skin tumors and 
sarcomas induced by carcinogenic hydrocarbons, 
and spontaneous hepatomas of strain C3H mouse. 

No significant effect on either the incidence or 
average time of appearance was observed for the 
spontaneous mammary carcinoma, induced skin 
tumor, or induced sarcoma. In contrast, the inei- 
dence of spontaneous hepatomas was significantly 
lower in mice fed 9 per cent casein than in those 
given 18 per cent or higher proportions of casein. 

The growth rate of spontaneous mammary ¢car- 
cinomas or induced sarcomas was not affected by 
the proportion of casein fed. In addition, in mice 
bearing mammary carcinomas, metastases (to the 
lung) and the duration of life following appearance 
of the tumors were not influenced by the level of 
dietary protein. 

Under the conditions of these investigations, 
body growth and general health were generally of 
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the same order among the groups of any one ex- 
periment. [tis emphasized that these studies dif- 
fer from those in which rations strikingly deficient 
In quality or quantity are compared with rations 
adequate for normal body growth. [It is concluded 
that varying the proportion of protein (casein) in 
the chet, within limits that permit relatively good 
body growth, probably has little effect on the for- 
mation of many types of tumors, but may have a 
significant effect upon certain special classes. In- 
cidental findings are discussed, 
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Distribution of ‘Iracer Doses of Methionine Tagged with 


Radiosulfur in Normal and Neoplastic Tissue” 
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GeorceE E. Moore, M.D., anp CLAupE R. Hitrcucock, M.D. 
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It is well recognized by clinicians and experi- 
mentalists that tumor tissue will continue to 
grow while the organism as a whole loses weight 
and is unable to maintain itself in nutritional equi- 
librium. This suggests that growing tumor cells 
can more efficiently procure available protein 
building blocks than the remainder of the body. 
Since essential amino acids must be utilized for 
fabrication into new protoplasm, a study of the 
distribution in tumor bearing mice of tracer doses 
of methionine tagged with S** has been under- 
taken in an effort to ascertain if by this means 
tagged radioactive substances might be introduced 
into tumor cells. 

Schoenheimer (6) and his associates using 1iso- 
topes of hydrogen, carbon, and nitrogen have 
demonstrated that every protein of the body is 
continuously changing and renewing its structure. 
Rapid amino shifts among the amino acids of the 
proteins of the body were observed. By measuring 
the concentration of isotopic nitrogen in a tissue 
at a certain time an index of the chemical activity 
of its proteins could be obtained. Serum proteins 
always contained the highest concentrations of 
isotopic nitrogen, and then in order of magnitude 
came viscera, muscles and skin. Shemin and 
Rittenberg (7) found the activity of the proteins of 
liver, plasma and intestinal tract to be high com- 
pared to the protein of muscle, skin and connec- 
tive tissue. Rats inoculated with a transplantable 
sarcoma were fed labeled glycine. The highest 1m- 
mediate uptake of N! was observed in liver tissue, 
with the tumor protein taking on the labeled 
glycine almost as rapidly as liver. However, the 
tagged protein of tumor was replaced at a rate 
only one-half as rapid as that of liver tissue, so 
that after twenty-four hours a higher concentra- 
tion of N was observed in tumor tissue than in 
liver. A higher initial rise of N' was observed at 


* Supported by the following research grants: Malignant 
Disease Research Fund and a grant from the Graduate School 
of the University of Minnesota. 
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the periphery or rapidly growing portion of the 
tumor than in its central portion. 

In studies on rats with transplanted lympho- 
sarcoma given d-l-tyrosine labeled with radio- 
active carbon, Winnick and associates (10) found 
the uptake of isotope by tumor tissue to be some- 
what less than that of intestinal mucosa, kidney 
and plasma protein, but greater than the other 
organs of the body. The tumor tissue again seemed 
to give up its isotope at a slower rate than the 
other tissues. Reid and Jones (5) studied the 
uptake of tyrosine tagged with radioactive carbon 
in mice with transplanted melanosarcoma, and, al- 
though they observed appearance of the amino 
acid in the tumor, varying degrees of radioactiv- 
ity were also found in the other tissues of the 
body. They state that the concentration of radio- 
activity found in tumor tissue was not sufficient 
to offer therapeutic possibilities. 

Friedberg (2, 3), after giving d-l-methionine 
tagged with S** to rats, observed the intestinal 
mucosa to have the highest specific activity. Next 
in activity were pancreas, kidney, plasma protein, 
liver, testes, heart, brain and muscle. The pattern 
was the same regardless of oral or intravenous ad- 
ministration of the methionine. The peak of the 
curve was reached at fifteen hours and then de- 
clined. However, at forty-two hours the relative 
distribution by organs remained as above. Tarver 
and Morse (8) observed in rats, after feeding 
labeled methionine, a tendency for the isotope 
concentration to approach a relatively constant 
level in the various tissues after five days. After 
fourteen days less than twenty per cent of ad- 
ministered methionine sulfur was excreted in the 
urine, and eight per cent had appeared in the feces. 


METHODS 


Two series of experiments were carried out us- 
ing essentially the same methods in each. In Ex- 
periment 1 fifteen mice of “A” and “C3;H”’ strain 
were inoculated subcutaneously with an ependy- 
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moblastoma! two weeks before the start of the 
experiment. These mice, weighing approximately 
twenty grams, were then given by gastric intuba- 
tion 0.2 ce. of a solution of d-l-methionine? (1.5 
mg.) tagged with S*° (0.75 microcuries). Two mice 
were sacrificed at six, twelve, forty-eight and 
seventy-two hour periods, and one mouse was 
sacrificed every forty-eight hours thereafter. All 
of the liver, brain, subcutaneous ependymoblas- 
toma, gastric content, blood and striated muscle 
was removed, immediately minced and extracted 
with a fifty-fifty mixture of ethyl ether and ninety- 
five per cent ethyl alcohol. Following extraction, 
the tissues were baked, pulverized and weighed. 
Since S*° emits beta particles which will not pene- 
trate more than 0.015 Gm./sq. em., a layer of at 
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Fig. 1.—Graphs showing the absolute values of the radio- 
active sulfur in tumor tissue, liver, and muscle in the ependy- 
moblastoma group of mice. 


least 15 mg./sq. cm. of dried powder was used 
in the counting containers. As the amount of 
radiation from tissue is constant after the critical 
thickness of 15 mg./sq. cm. 1s exceeded (1, 4, 9), 
the absolute radiation values of the various 
tissues were compared. 

In Experiment 2, eight mice of “A”’ strain with 
spontaneous breast cancer*® were used, each re- 
ceiving 0.92 microcuries of radiomethionine (1.8 
mg.) administered as above. At twelve, twenty- 
four, forty-eight and seventy-two hours two mice 
were sacrificed, and kidney, brain, blood, stomach, 
intestine, colon, liver, breast cancer and muscle 
were studied. Also, urine and feces from two mice 
were collected separately for seventy-two hours. 


1These tumors were originally induced by methyl cho- 
lanthrine injection into the brains of mice of the same strains. 


2 Methionine used in these studies wis supplied through 
the courtesy of Dr. Paul Gyorgy, Professor of Clinical Pedia- 
trics, University of Pennsylvania, Philadelphia, Pennsylvania. 


3 Obtained through the courtesy of Dr. John Bittner, Pro- 
fessor of Cancer Biology, University of Minnesota, Minneapo- 
lis, Minnesota. 


RESULTS 


Figures 1 and 2 show the results of Experiment 
1. The concentrations of S* in liver and subcu- 
taneous ependymoblastoma roughly paralleled 
each other at six hours, with the concentration in 
the tumor then exceeding that in the liver from 
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Fic. 2.—Graphs showing the absolute values of the radio- 
active sulfur in gastric content, brain, and blood in the epen- 
dymoblastoma group of mice. | 


twelve to seventy-two hours. After seventy-two 
hours the concentration of S* in all tissues began 
to equilibrate and remained that way up to 
eighteen days. For the first seventy-two hours the 
concentration of S** in the subcutaneous ependy- 
moblastoma was roughly four times that of normal 
brain. 
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Fic. 3.—Series of graphs showing the absolute values of the 
radioactive sulfur in the kidney, brain, blood, gastric wall, in- 
testinal wall, large bowel wall, tumor, liver, and muscle in the 
breast tumor group of mice. 


Figure 3 portrays the distribution of S** in mice 
with spontaneous breast cancer. In this study the 
concentration in liver exceeded somewhat the 
activity of the breast cancer, which in turn was 
equalled by kidney and intestinal wall. 

Figure 4 shows the rate of appearance of S*°* in 
the urine. As will be noted, it is highest initially 
and gradually levels off at seventy-two hours. 
During this seventy-two hour period, twenty-six 
per cent of the total injected dose of S*° appeared 
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in the urine. The partition of S®° was not deter- 
mined, so one cannot say how much of the radio- 
methionine as such appeared in the urine. 
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Fic. 4.—Graph showing the urinary excretion of radio- 
sulfur, presented as per cent of dosage excreted per hour. 
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Figure 5 shows the fecal excretion of S*°, where 
in the seventy-two hour period 3.1 per cent of the 
administered dose appeared in the feces. 
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Fic. 5.—Graph showing the fecal excretion of radiosulfur, 
presented as per cent of dosage excreted per hour. 


DISCUSSION 


Because of its inherent propensity for growth, 
or because it can compete more efficiently for 
building blocks, tumor tissue seems to be among 
the most active of the protein tissues of the body. 
Since the activity of tumor tissue is principally a 
function of growth, rather than a locus of fabrica- 
tion of protein for other sites and functions of the 


body, such as formation of plasma protein by the 


liver and production of digestive enzymes and 


mucoprotein by the intestinal wall, tagged maierial 


en 


that finds its way into the proteins of tumor cells 
may reside there longer than in the normal func- 
tioning organs of the body. Such a response seems 
to be suggested in Figure 1, as has also been noted 
by Shemin and Rittenberg (7) and Winnick and 
associates (10). However, with time the tracer 
substance in the tumor tissue did more or less 
equilibrate with the remainder of the protein 
tissues of the body as one would expect from the 
work by Schoenheimer (6), who demonstrated a 
continuous shifting of peptide linkages in the pro- 
teins of the body. 


SUMMARY 


1. The distribution of tracer doses of d-l- 
methionine tagged with radiosulfur has been 
studied in mice with spontaneous and transplanted 
neoplasms. 

2. These studies indicate a high initial concen- 
tration of radiomethionine results in liver, tumor, 
kidney and intestinal wall. 

3. Any therapeutic possibilities relating to in- 
troducing radioactive sulfur into tumor cells must 
await animal trial. 
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Thermal Coagulation of Serum Proteins 


II. Deficient Coagulation in Cancer and the 
lodoacetate Index” 
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(From the Departments of Surgery and Chemistry, University of Chicago, Chicago 37, Illinois) 


Frequently in human cancer the serum proteins 
are deficient in quantity and abnormal in kind. 
The qualitative abnormalties have not been pre- 
cisely defined but are recognizable inter alia by 
defective coagulation when the serum proteins are 
subjected to heat as will be demonstrated in this 
paper. The simple determination of the lowest 
concentration of proteins which can coagulate pro- 
vides useful information in recognition of the 
presence of cancer in man. The lodoacetate index 
is another quantitative device for recognition of 
the abnormality of serum protein permitting the 
over-all coagulative defects to be expressed in 
mathematical form. 

In his valuable review of the status of proteins 
in cancer Toennies (13) has recently assembled 
much of the published data concerning the serum 
proteins in cancer. Numerous investigations have 
shown that on a statistical basis the serum of man 
and animals with malignant tumors contains a 
lowered concentration of total proteims and 
albumin and a low albumin/globulin ratio; the 
fibrinogen level is usually increased in the blood 
plasma in cancer. 

Only a few studies have been made of the 
coagulation of serum proteins by heat. Ehrentheil 
and Weis-Ostborn (6) and these authors with 
Luger (9) studied the coagulative effects of heat 
on serum and found pronounced differences be- 
tween cancer and pernicious anemia; with respect 
to normal serum, less flocculation occurred in the 
serum of cancer patients while greater turbidity 
developed in the sera in pernicious anemia. The 
serum of patients with cancer has been investi- 
gated by means of the Weltmann reaction (15) 


* This investigation was aided by grants from Mr. Ben 
May, Mobile, Alabama; from the Daisy Schwimmer Fund; 
from the Anna S. Goldberg Memorial Fellowship Fund; and 
from the American Cancer Society, recommended by the 
Committee on Growth of the National Research Council. 


which consists of heating serum in the presence of 
progressively decreasing concentrations of calcium 
chloride, the serum proteins being very dilute in 
final concentration. The Weltmann reaction ap- 
parently does not depend on the concentrations of 
protein present. In this test serum flocculates over 
a rather constant range of concentration of the 
electrolyte; the range is more restricted in a 
variety of debilitative states such as hepatic and 
cardiac diseases and fibrous pulmonary tubercu- 
losis, where flocculation occurs only in the stronger 
concentrations of calcium ions. Roeloffs (11) ob- 
served a decreased “range” of flocculation in 
malignant states but Teufl (12) related this defect 
to necrotic or regressive changes in tumor tissue 
or to inflammatory complications in the neoplasm. 

In contrast to this evidence as well as to the 
data reported in the present paper, but reconcil- 
able with them, are the observations of Black, 
Kleiner and Bolker (2) who demonstrated that 
plasma from cancer patients tended to undergo 
heat coagulation more rapidly than plasma from 
normal individuals. It was evident from their 
studies that an increased level of blood fibrinogen 
was of importance in this effect although they 
state that no absolute stoichiometric relationship 
existed between the increased coagulation reaction 
and the fibrinogen content of plasma. 

Griffin and Baumann (7) found that homog- 
enates of livers from rats fed m’-methyl-p- 
dimethylaminoazobenzene failed to coagulate 
when heated in a bath of boiling water whereas 
similar preparations of normal rat liver coagulated 
completely after being boiled for only a few 
minutes. 

The coagulation of protein by heat is a complex 
physico-chemical change which is affected by 
many factors (8) including pH, total ionic strength 
and charge density, the concentration of non- 
electrolytes as well as by the presence of certain 
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promoting and inhibiting agents. The known in- 
hibitors which act in low concentration are fatty 
acids and alkyl sulfonates (1), (5), thymus 
nucleate (4) and iodoacetate! (8). 

At pH 7.4, halogenated acetates in varying 
effectiveness have a peculiar property (8) of ir- 
reversibly inhibiting the thermal coagulation of 
proteins; it is of interest that chemical substances 
closely related to iodoacetate such as the methyl 
ester of iodoacetate, iodoacetamide, iodoacetone, 
etc., promote rather than inhibit coagulation. Al- 
though the mechanism of the inhibition of protein 
coagulation by iodoacetate is unknown, clearly 
this compound reacts with those molecular link- 
ages essential to clot formation. 

The iodoacetate index is an expression relating 
the inhibition of clotting by iodoacetate to the 
quantity of protein present in serum and hence to 
the total availability of linkages essential to 
coagulation. In this paper conditions are described 
under which the relation between serum proteins 
and iodoacetate is linear. 


METHODS 


Reagents.— 

1. M/15 phosphate buffer, pH 7.4. Dissolve 1.743 gm. of 
potassium di-hydrogen phosphate, KH,PO,, and 
7.652 gm. of anhydrous di-sodium hydrogen phos- 
phate, Naz HPOs,, in water and dilute to 1 liter. 

2. Normal sodium hydroxide. 

3. 0.1% phenolsulfonephthalein. A few drops of N 
sodium hydroxide are added to 0.1 gm. of phenol- 
sulfonephthalein and the solution is diluted to 100 
ml. 

4. 0.06 M iodoacetate. lodoacetic acid was recrystallized 
twice from a mixture of benzene and petroleum 
ether. 0.279 gm. of iodoacetic acid is placed in a 25 ml. 
volumetric flask and dissolved in 10 ml. of phosphate 
buffer; add 2 drops of phenosulfonephthalein. As a 
pH control, similar amounts of buffer and indicator 
are added to another flask containing no iodoacetate. 
N sodium hydroxide is added drop-wise to the flask 
containing iodoacetic acid until the color matches that 
of the control solution of buffer and indicator. The 
iodoacetate solution is then diluted to the mark with 
phosphate buffer. Iodoacetate solutions were pre- 
pared freshly each day. 

. 3M sodium chloride. Dissolve 17.56 gm. of sodium 
chloride in water and dilute to 100 ml. 


Or 


Equipment.—We used 1 ml. pipettes graduated 
in 0.01 ml. divisions, with the tips drawn out to a 
fine point. Pyrex glass tubes (10X75 mm.) were 


1 In this paper, iodoacetic acid brought to pH 7.4 is desig- 
nated as iodoacetate. 
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employed in the tests which were conducted in a 
bath of vigorously boiling water. The water bath 
was large so that boiling was not interrupted upon 
introduction of a metallic rack containing the 
tubes. 


Determination of Protein and Albumin Content. 
—Total proteins of serum were determined by the 
micro-Kjeldahl technique of Ma and Zuazaga (10) 
after digestion with sulfuric acid in the presence of 
copper and selinite (3). The proteins were esti- 
mated by multiplying by 6.25 the total nitrogen 
corrected for non-protein nitrogen. 

Serum albumin was determined by the same 
techniques after precipitation of the globulins with 
23 per cent sodium sulfate and ethyl ether (14). 


Clinical material.—The coagulative character- — 
istics of the sera of 300 individuals were studied; 
these people were classified in three categories, 
each of 100, respectively, of apparently healthy 
persons, patients with cancer and patients with 
non-malignant pathology; not all of the tests 
were run on all of the sera. The entire group was 
assembled from a hospital population, either pa- 
tients or attendants; each of the individuals was 
seen, at least, by one of the authors, while in most 
cases the clinical and pathologic studies were 
rather more extensive. 


EXPERIMENTAL 


Todoacetate index.—F or each serum 10 tubes were 
set up containing 0.25 ml. of serum and 0.12 ml. 
of 3 M sodium chloride. Increasing amounts of the 
0.06 M iodoacetate solution were placed in the 
tubes with correspondingly decreasing quantities 
of buffer (Table 1), the total amount of these two 
solutions measuring 0.38 ml. Thus the series con- 
sisted of a step-wise titration of 0.25 ml. of serum 
in 1:3 dilution against 9 to 22.8 uM of iodoacetate. 
The tubes were agitated to mix the contents 
thoroughly and then were placed in a bath of 
vigorously boiling water for 30 minutes. 

After boiling, each tube was inverted and shaken 
very gently several times to disrupt any surface 
coagulation at the air-water interface. In this test, 
by our definition, serum is coagulated when it is 
thoroughly solid and will not pour. The end-point 
is the largest amount of iodoacetate, expressed in 
micromoles, in which serum coagulates. 

The iodoacetate index is derived from the end- 
point extrapolated to 1 ml. divided by grams of 
total protein or albumin in 100 ml. of serum: 


uM iodoacetate X 4 





lodoacetate index = 


protein ingm. per 100 ml. of serum 











a 
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Least concentration of coagulable proten.—Eight 
1075 mm. tubes were set up for each test so as to 
contain a final concentration of 15 to 33 per cent of 
serum. To the tubes were added progressively in- 
creasing amounts of serum—0.15, 0.18, 0.2 ml. 
_.. 0.83 ml. of serum, and the volume was made 
up to 1 ml. with M/15 phosphate buffer 0.85, 0.82, 
0.8 ml... . 0.67 ml. The contents were thoroughly 
mixed and the tubes were placed in a bath of boil- 
ing water for thirty minutes. Each tube was in- 
verted without shaking, and if the contents did 
not pour, it was read as coagulation. The lowest 
percentage of serum which coagulated was the end 
point. The data were related to the protein con- 


~~ 


acetate while 56 mg. of protein required 75 pM 
to inhibit clotting. 

Coagulative characteristics of serum versus 
plasma.—In a series of 20 normal individuals and 
10 patients with cancer, coagulation tests were 
made simultaneously on oxalated and heparinized 
plasma and blood serum. With respect to the tests 
described in this paper, plasma did not differ es- 
sentially from serum in its quantitative character- 
istics of coagulation. The plasma of normal per- 
sons like the serum has a greater capacity for ther- 
mal coagulation than that of patients with cancer. 
The remainder of this paper is concerned exclu- 
sively with observations on serum. 














TABLE 1 
ARRANGEMENT OF TUBES FOR DETERMINATION OF IODOACETATE INDEX 
TUBE NO. 1 2 3 4 5 6 7 8 9 10 
Iodoacetate—ml. 0.15 0.18 0.20 0.23 0.25 0.28 0.30 0.33 0.35 0.38 
Iodoacetate—yuM 9.0 10.8 12.0 13.8 15.0 16.8 18.0 19.8 21.0 22.8 
Buffer—ml. 23 .20 .18 15 .13 .10 .08 .05 .03 0.0 
Serum—nml. 25 25 25 25 . 25 25 . 25 25 25 25 
Sodium chloride,3 M—ml.  .12 .12 .12 .12 12 .12 .12 .12 .12 12 
tent in 100 ml. of serum. As an example of the RESULTS 


calculation, the final volume is 1.0 ml.; if the end 
point is 0.2 ml., and the total protein content is 
6 gm. per 100 ml., the least concentration of 
coagulable protein is: 

0.2 


To *o= 1.2 gm. per 100 ml. 


Quantitative relationship between rodoacetate and 
protein concentration.—To determine the relation- 
ship between these components, thermal coagula- 
tion titrations were carried out between increasing 
amounts of serum 0.5 to 1 ml. and varying 
amounts of iodoacetate, 1.5 to 54 micromoles dis- 
solved in phosphate buffer, at each serum level; 
the total volume in each tube was 1.5 ml. In 
graphic form, the results appear as a paraboloid 
curve (Fig. 1). In one experiment, the iodoacetate 
end point for 0.5 ml. of serum was 4.5 uM while 
for 1 ml. the end point was 42 uM. 

Repeating this experiment in the presence of 
concentrated sodium chloride, a rectilinear rela- 
tionship was observed between the concentrations 
of iodoacetate and protein. In argeement with 
earlier findings, increased electrolyte concentra- 
tion promotes protein coagulation; we found fur- 
ther that larger amounts of iodoacetate are re- 
quired to block coagulation than in the absence 
of added salt. Despite this straight-line relation- 
ship, proportionality does not exist between the 
iodoacetate end point and the protein content; 
thus, in this experiment (Fig. 1) coagulation of 
28 mg. of protein was blocked by 27 uM of iodo- 


Least concentration of coagulable proten.—The 
greatest dilution of serum to clot in phosphate 
buffer was 16 ml. per 100 ml.; all sera in this series 
coagulated when the concentration of serum was 
42 per cent or greater. 
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Fic. 1.—Inhibition of thermal coagulation of varying 
amounts of serum by iodoacetate: A, in the presence of 3 M so- 
dium chloride; B, without added salt. The final volume in each 
case is 1.5 ml. 


The lowest concentration of serum to undergo 
coagulation under the conditions defined was ex- 
pressed in terms of grams of total protein per 100 
ml. of serum. All of the sera from 84 normal indi- 
viduals clotted at levels of 1.476 gm. per cent, or 
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less; the sera of 7 patients with cancer coagulated 
at levels of less than 1.5 gm. per cent. These con- 
sisted of cancer of the prostate, well controlled, 2, 
uncontrolled, 1; cancer of colon, 1; polyposis of 
rectum, 1; lymphosarcoma, 1; excised “‘solitary”’ 
metastasis, 1. 
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Fic. 2.—Histogram of least concentrations of total serum 
protein to undergo thermal coagulation. The percentage is on 
the basis of the entire group of 268 individuals. 


With reference to the group of individuals with 
least coagulable protein concentrations of 1.5 gm. 
per cent or more, there were no normal indi- 
viduals; 76 patients with cancer; and 21 patients 
with non-malignant disease. Hence, 76/83 cases 
or 92 per cent of patients with cancer and 21/101 
cases or 21 per cent of persons with non-malignant 
pathology including tuberculosis fell in this arbi- 
trary group which was free from healthy indi- 
viduals. | 
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Fic. 3.—Histogram of iodoacetate indices on the basis of 
albumin content of serum. The percentage is on the basis of 
the entire group of 244 individuals. 


The vodoacetate index in malignant disease.— 

(a) On the basis of serum albumin. 244 indi- 
viduals were available in this group. With refer- 
ence to an lodoacetate index of 12.99 or less, there 
were 68 cases in all: no normals; 10 patients with 
non-malignant pathology including tuberculosis: 
and 58 patients with malignant disease. The 10 
patients with non-malignant pathology included: 
pulmonary tuberculosis, 6; chronic nephritis, 2: 
lobar pneumonia, 1; infected hydronephrosis, 1. 

With reference to an iodoacetate index of 13 or 
more, the group wherein all of the normals fell, 
there were 176 cases available. There were 12 cases 
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Fic. 4.—Histogram of iodoacetate indices on the basis of to- 
tal protein concentration of serum. The percentage is on the 
basis of the entire group of 283 individuals. 


with cancer in this group, namely: controlled can- 
cer of the prostate, 2; uncontrolled cancer of the 
prostate, 2; cancer of breast, 2; cancer of lung, 2; 
cancer of cervix, 1; testis, 1; penis, 1; and rectum, 1. 

Considering an iodoacetate index of 12.99 or less 
on the basis of albumin content, 58/70 cases or 83 
per cent of patients with malignant disease fell in 
this group; also in this category were 10/100 cases 
of non-malignant pathology including tubercu- 
losis or 10 per cent of the cases. 

(b) On the basis of total serum proten.—Deter- 
minations were made on the serum of 283 indi- 
viduals classified in three groups: normal, non- 
malignant pathology including pulmonary tuber- 
culosis, and cancer. With reference to the group 
of individuals with an iodoacetate index of 8.99 or 
less, there were: no normal persons; 16 patients 
with non-malignant pathology; and 85 patients 
with cancer. The 16 individuals with non-malig- 
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nant pathology consisted of: all patients with 
pulmonary tuberculosis, 7; chronic nephritis, 3; 
benign prostatic hypertrophy, 2; one patient, re- 
spectively, with lobar pneumonia, infected hydro- 
nephrosis, aortic aneurysm, and pregnancy. 

In the group with an iodoacetate number of 9 or 
larger (Fig. 4), there were 100 normals, 79 patients 
with non-malignant pathology, and 3 cases of 
malignant disease. The 3 patients with cancer con- 
sisted of 1 patient in whom an apparently solitary 
metastatic lesion had been excised surgically two 
weeks previous, and 2 patients with cancer of the 
prostate believed to be well controlled by anti- 
androgenic measures. 

The iodoacetate index of 8.99 or less on the 
basis of total protein content of serum was chosen 
because in this series it excluded all apparently 
healthy persons. In the group of patients whose 
serum was found to have an iodoacetate index of 
less than 9, 85/88 cases or 96.6 per cent of patients 
with cancer fell in this group. The three exceptions 
of cancer not recognized under this system, con- 
sisted of patients in whom the carcinoma was ap- 
parently well controlled. There were in this group, 
however, 16/95 cases of non-malignant pathology 
or 16.8 per cent of non-cancer false positives. All of 
the patients with non-malignant pathology whose 
values fell in this category had serious disease. 


DISCUSSION 


These experiments revealed a defect in the 
coagulative capacity of the serum proteins with 





respect to the linkages available for thermal 
coagulation. In all cases the data are referred to 
protein concentration. In measuring the least con- 
centration of protein which can undergo coagula- 
tion in phosphate buffer, the larger the value the 
greater is the deviation from normal; with the 
iodoacetate indices the lower values imply greater 
abnormalities. 

Clearly, patients with cancer seldom have as 
high an iodoacetate index (Table 2) as normal sub- 
jects. It is impossible to attribute this striking dis- 
crepancy to chance alone. Precautions were taken 
to protect the data against statistical artifact. 
Thus tests on the various types of subjects were 
run in a haphazard order which we believe to be 
effectively random, and the laboratory work was 
generally, though not always, done in ignorance 
of the status of the subject. The conventional 
statistical résumé in terms of series, size, sample 
mean and standard deviation are given in Table 2. 
The striking appearance of Figures 2 to 4 makes a 
formal test of statistical significance virtually 
superfluous but the conventional t-tests were made 
and, as was to be expected, the results were incom- 
patible with a hypothesis that the difference be- 
tween the coagulability of our normal and 
cancerous subjects is due to chance alone. 

The coagulation reaction is not specific as a 
diagnostic instrument although we have found it 
to be rather useful. From a practical standpoint, 
the difficulty is not in the failure to recognize ac- 
tive malignant disease, but in the false positive 








TABLE 2 
STATISTICAL ANALYSIS OF THERMAL COAGULATION OF SERUM 
No. of patients Standard 
in series Range Median Mean deviation 
Todoacetate Index 
uM Iodoacetate 
Gm. Protein 
(1) Normals 100 9. 20-12 .60 10.82 10.81 0.7538 
(2) Non-malignant Pathology 88 8 .36-13 .00 10.28 10.39 0.9104 
(3) Tuberculosis (Pulmonary) 7 5.24-— 7.64 7.60 7.23 1.1773 
(4) Cancer 88 5.0 — 9.96 7.12 6.43 2.3560 
Todeacetate Index 
uM Iodoacetate 
Gm. Albumin 
(1) Normals 74 13 . 44-22 .5 15.79 16.10 1.6660 
(2) Non-malignant Pathology 94 13. 13-21 .11 15.94 16.18 1.6960 
(3) Tuberculosis (Pulmonary) 6 10. 26-12 .74 11.50 11.51 1.0940 
(4) Cancer 70 7 .93-16 .48 10.76 10.15 3.8560 
Lowest Coagulable Protein Concentration 
Protein, Gm./100 ml. 
(1) Normals 84 1.147-1 .476 1.320 1.334 0.1646 
(2) Non-malignant Pathology 94 1.164—1.720 1.390 1.391 0.1670 
(3) Tuberculosis (Pulmonary) 7 1.578—1 .924 1.718 1.734 0.1360 
(4) Cancer 83 1 .355-2 . 268 1.718 1.723 0.1979 





>xi = sum of all values in the series 
xX = sample mean 
n = no. of patients in the series 


aoa Dx? — x xi 
Standard deviation = , 





okt where 
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reactions. For example, in all respects the serum 
of patients with pulmonary tuberculosis resembled 
cancerous serum in its coagulative aspects. The 
serum of patients with benign tumors coagulated 
like that of normal individuals. 

Relating the iodoacetate index to the total pro- 
tein content of serum gave the most useful infor- 
mation. With an arbitrary index of 9 as the mini- 
mum for normal serum, all active cancers were 
correctly classified as far as confirmation of the 
clinical diagnosis is available. The patients suffer- 
ing from non-malignant pathology who fell in this 
group with a defective coagulation reaction had 
serious diseases and were far from normal. 

In the iodoacetate index (total protein content) 
the blood of 6 newborn infants as obtained from 
the umbilical cord just after birth coagulated like 
that of normal adults. In the case of 1 pregnant 
woman, the index was slightly lowered (8.72) 
while in 5 cases the iodoacetate index was in the 
normal range. 


SUMMARY 


In most cases of human cancer there is a quali- 
tative defect in the proteins of serum which may- 
be identified by the thermal coagulation tests. The 
defect is not specific and reactions similar to that 
in cancer are obtained in the presence of pulmon- 
ary tuberculosis and some acute massive inflam- 
matory processes as well. The defect was not ob- 
served in normal pregnancy, in new-born infants, 
or in non-pulmonary tuberculosis. 

By determining the iodoacetate index as related 
to the total protein content of serum, it was found 
that all of 85 consecutive clinically active cancers 
fell in a group with a low index (less than 9). How- 
ever, 16 of 95 patients with non-malignant pathol- 
ogy fell in this same range. 


The authors are grateful to Professor Leonard J. Savage for 
his assistance in the statistical analyses. | 
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INTRODUCTION 


The present report, of which a brief account has 
been published (6), presents findings demonstrat- 
ing the presence of cytoplasmic inclusions pe- 
culiar to cells of Hodgkin’s diseased lymph nodes 
in tissue cultures, and the production of similar 
inclusions in the cells of normal human lymph 
nodes cultured and exposed to cell-free super- 
natant fluid from flask-cultures of Hodgkin’s 
lymph nodes. 

Many theories have been proposed concerning 
the nature ard etiology of Hodgkin’s disease. It 
has been considered by some to be an infective 
granuloma of undetermined etiology, by others a 
malignant neoplasm, and by still others an 
atypical form o: tuberculosis. Certain investiga- 
tors, particularly Twort (16), Gordon (5) and van 
Rooyen (17) postulate a virus as the etiologic agent. 
Extensive reviews of the many problems of 
Hodgkin’s disease have been published by Si- 
monds (13), Wallhouser (18), and recently by 
Symmers (14) and Hoster and Dratman (7). The 
present investigations were carried out in an effort 
to gain some understanding of the nature and 
etiology of Hodgkin’s disease through the applica- 
tion of tissue culture methods. The tissue culture 
method has proved to be an ideal approach to the 
study of the cell elements in lymph node dis- 
eases and it also has been shown in our studies 
to be of diagnostic value in those cases where 
the histopathology of the node was not clear. 


MATERIAL AND METHODS 


A total of 197 biopsied human lymph nodes were 
studied over a period of five years.! Of these, 87 were 
diagnosed as being involved by Hodgkin’s disease in 
various histological stages. The remainder were 25 lym- 


* This investigation was supported by a research grant 
from the National Cancer Institute of the National Institute of 
Health, U.S. Public Health Service. The preliminary studies 
were supported by the International Cancer Research Foun- 
dation, Philadelphia. 


phosarcomas, 21 leukemias, 26 with metastatic carci- 
nomata, 15 non-specific lymphadenitis, and 23 normal 
nodes. 

Two methods were employed for the cultivation of 
the nodes (3). One was the double cover-slip method for 
microscopic observations; the other, the Carrel flask 
method for obtaining supernatant fluids. The cultures 
were prepared within 3 to 5 hours of surgical removal. 
Cellular portions of the node were selected and frag- 
ments about 1 cmm. were planted in the culture 
medium. 

For the cover-slip method 50 to 60 cultures of every 
node were prepared. The medium consisted of a mixture 
of one part chicken plasma, three parts human serum 
and one part chick embryo extract. The serum used was 
generally obtained from blood of healthy adults. In 
some instances the Hodgkin’s node material was culti- 
vated in a medium containing autogenous serum. The 
cultures were incubated at 37.5° C and were maintained 
for varying periods, from a few days to several weeks 
without subculturing and were examined daily. Every 
48 hours the cultures were washed in Tyrode’s solution 
and a drop of fresh nutrient medium was added. Repre- 
sentative cultures were fixed daily with either 2 per cent 
Ringer-formal, Zenker’s or Helly’s fluid, and were 
stained in toto with either Harris’ hematoxylin and 
eosin, Giemsa or Sellers’ virus stain (12). In each series 
some of the cultures were examined for bacteria follow- 
ing Gram’s and Ziehl-Neelsen stains, and some prepara- 
tions were treated by the Feulgen method. 

Brilliant cresyl blue (Griibler) for vital staining (4) 
was prepared in a dilution of 1:50,000 in Ringer’s solu- 
tion and sterilized. One drop of this solution was added 
to the living cultures during the early period of their 
growth, usually at the second or third day. Cultures 
were also vitally stained with neutral red 1:10,000 and 
Janus Green 1:20,000. The vitally stained living cells 
were observed continuously for several hours, the cul- 
tures being maintained at 37.5° C throughout the course 
of observation. 

To obtain supernatant fluids, the fragments of 


1 Most of the lymph nodes were obtained through the gener- 
ous cooperation of the Memorial Hospital, N.Y. Other nodes 
were received from the Post Graduate Hospital and St. Vin- 
cent’s Hospital, N.Y. 
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Hodgkin’s lymph nodes in moderately advanced stages 
of the disease were cultivated in Carrel D-5 flasks. Into 
each flask ten to fifteen small fragments from each node 
were planted in a medium made up of 0.5 cc. chicken 
plasma, 0.3 cc. human serum, 1.0 cc. Tyrode’s solution 
and 0.2 cc. chick embryo extract. When the medium 
was clotted, the culture was covered with 3.0 cc. of a 
nutrient fluid composed of one part human serum, one 
part chick embryo extract and three parts of Tyrode’s 
solution. After three days of incubation the fluid on the 
surface of the culture was pipetted off and centrifuged 
at 2500 rpm for twenty minutes. The supernatant fluid 
was opalescent and cell-free as was confirmed by dark 
field microscopic examination. The opalescence was due 
to ultra fine, bright particles in Brownian movement. 
Stained smears of the supernatant fluid revealed no 
bacteria. This was also established by inoculations in 
various bacteriological media and none showed bac- 
terial growth. The supernatant fluid from each of the 
flask cultures was added to growing cultures of normal 
human nodes. For controls, supernates were obtained in 
the same manner from flask cultures of non-Hodgkin’s 
pathological and normal nodes. In all cases in which the 
Carrel flask method was employed parallel cultures were 
made on cover-slips. 


EXPERIMENTAL 


A. GENERAL OBSERVATIONS 


Two aspects of Hodgkin’s lymph nodes must 
be taken into account in a tissue culture study; 
namely, the polymorphism of the nodes and the 
progressive histological changes which take place 
in the evolution of the disease. In an affected node 
there is, in markedly varying proportions, a com- 
posite of lymphocytes, reticulum cells, Sternberg- 
Reed giant cells, eosinophile and neutrophile leuco- 
cytes and fibroblasts. In the early pathology of the 
nodes, lymphocytes predominate with relatively 
few reticulum and Sternberg-Reed cells and fibro- 
blasts. As the pathology advances the lympho- 
cytes become greatly diminished, the reticulum 
cells and Sternberg-Reed cells progressively in- 
crease, along with an increase of fibroblasts. In the 
end stages the nodes are largely fibrotic, and all 
cell elements are diminished, there being only a 
scattering of lymphocytes, reticulum cells and an 
occasional Sternberg-Reed cell. For our tissue cul- 
ture studies the Hodgkin’s nodes were divided into 
three groups: the earlier stages in which the 
lymphocytes predominated, the moderately ad- 
vanced stages in which the reticulum cells were 
prominent, and the late stages in which fibrosis of 
the node was conspicuous. Throughout this re- 
port the observations refer to the various types of 
cells in the outgrowths from the explanted frag- 
ments. 


SS 


1. Cultures of Hodgkin’s Nodes in Various Stages 
of Their Pathology 


(a) Early Pathology.—Within twenty-four hours 
of incubation the cultures show massive migration 
of lymphocytes from the explanted fragments. 
During the latter part of this period a lesser num- 
ber of reticular cells (macrophages) appear in the 
outgrowth. Eosinophile and neutrophile leucocytes 
are also seen occasionally. During the second and 
third days of incubation increasing numbers of 
reticular cells, often binucleated, appear in the 
outgrowth, with only a relatively small increase in 
the number of outwandering lymphocytes. The 
reticular cells display active ameboid motion and 
are often seen to phagocytose carmine granules 
added to the medium. During this period there 
also appeared in the outgrowths giant cells which 
resembled the Sternberg-Reed cells in histological 
sections. They contained three to five oval or 
lobulated nuclei, unequal in size, with large, 
prominent nucleoli and distinct nuclear mem- 
branes. These cells were sluggish and did not ex- 
hibit phagocytosis. This Sternberg-Reed type of 
cell was characteristic for tissue cultures of Hodg- 
kin’s nodes and not for cultures of the other patho- 
logical and of the normal lymph nodes. On the 
third day a few fibroblasts appeared at the edge of 
the fragment and these increased only slightly in 
numbers through the life of the culture. 

During the third to the sixth day of cultivation 
there occurred a considerable and progressive dis- 
integration of the lymphocytes, also evidences of a 
degeneration of the reticular cells and especially 
of the Sternberg-Reed cells. The rapidity with 
which the Sternberg-Reed cells disintegrate 1s 
striking. For example, on one day some of the 
outgrowths showed a large number of Sternberg- 
Reed cells and, twenty-four hours later, only a few 
intact Sternberg-Reed cells could be seen. In the 
migration zone there were also noted exceptional- 
ly large multinucleated giant cells containing 
from six to twenty or more nuclei. These nuclei 
varied somewhat in size and shape and were 
scattered irregularly throughout the body of the 
cell. Occasionally, the nuclei were arranged in the 
form of a horseshoe or a ring about the periphery 
of the cell. In some of the cultures at this period, 
liquefaction of the medium occurred adjacent to 
the explant. This liquefaction increased during the 
second week of cultivation and was accompanied 
by a progressive disintegration of all cell elements 
in the outgrowth. A complete disintegration of the 
whole culture often occurred by the end of the 
second week and even earlier. 
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(b) Moderately Advanced Pathology.—The tissue 
culture pattern is somewhat altered. Here the pre- 
dominant cell in the outgrowth in the first 24 
hours was the reticular, the lymphocytes being 
comparatively few. Fibroblasts and_ binucleate 
reticular cells were also present and progressively 
increased in number. Sternberg-Reed cells were a 
constant feature. In these cultures many large 
multinucleated giant cells containing as many as 
thirty or more nuclei were often seen on the second 
or third days. Cellular degeneration and liquefac- 
tion of the medium occurred early and progressed 
rapidly so that many of the cultures disintegrated 
completely within a week. Figure 1 is a photo- 
graph of a 48 hour culture, stained with hematoxy- 
lin-eosin, of a node in the moderately advanced 
stage of Hodgkin’s disease. Figure 2 is a photo- 
graph of a 72 hour culture of a Hodgkin’s node 
showing a large area of liquefaction of the medium 
adjacent to the explant. Figure 3 is a photograph 
of a 72 hour living culture of a lymph node with 
moderately advanced Hodgkin’s disease. Many 
cells of the Sternberg-Reed type of various sizes, 
- also numerous reticular cells and a scattering of 
lymphocytes are seen. Some reticular cells and 
lymphocytes can be seen in various stages of dis- 
integration. Figures 4, 5 and 6 show examples of 
Sternberg-Reed type of giant cells seen in cultures 
of Hodgkin’s nodes during the second and third 
days of incubation. 

Most of the Hodgkin’s lymph nodes were 
grown In a medium containing serum from healthy 
adults. However, when the nodes were cultivated 
in a medium containing serum from the patient’s 
own blood it was noted that there was a marked 
increase in the outgrowth of reticular cells, a more 
extensive and earlier degeneration of all cell ele- 
ments, a greater number of the very large giant 
cells, and an increased liquefaction of the medium 
through the life of the culture. 

(c) Late Pathology—The lymph nodes were 
largely fibrotic. The tissue culture picture is now 
considerably altered. The predominant cell type 
in the outgrowth was a spindle shaped fibroblast 
which appeared within the first twenty-four hours, 
increased rapidly in number, and soon overgrew 
all other cell elements. There were few reticular 
cells, occasional lymphocytes and only a few 
Sternberg-Reed cells among the outgrowing fibro- 
blasts. Large multinucleated giant cells were rare. 
Liquefaction of the medium occurred infrequently. 


2. Cultures of Non-Hodgkin's Nodes 


The tissue culture patterns of the lympho- 
sarcoma (lymphocytic and reticulum cell type) 


and leukemic nodes were notably different from 
those of the Hodgkin’s nodes. In these non-Hodg- 
kin’s cultures, giant cells were rare or absent, 
cellular degeneration was insignificant and lique- 
faction of medium was uncommon. In the cultures 
of lymphadenitis cellular degeneration was mini- 
mal. Slight liquefaction of the medium and an oc- 
casional multinucleated giant cell were at times 
observed. Cultures of normal lymph nodes were 
characterized by a rich outgrowth of normal ap- 
pearing lymphocytes. There was a scarcity of 
reticular cells and of fibroblasts and an absence of 
giant cells and liquefaction of the medium. There 
was no appreciable cellular degeneration during 
the first week of the tissue culture life. 


B. Speciric CyToPLASMIC INCLUSIONS 


1. Vital Staining. 

Brilliant cresyl blue (1:50,000) was added to 24 
and 48 hour cultures of Hodgkin’s nodes. Within 
15 minutes, irregular sized and shaped inclusions 
within the cytoplasm of reticular cells, lympho- 
cytes and of a few fibroblasts, under high magni- 
fication, were seen stained a pink to purplish red 
color. The remainder of the cell with its usual 
granules remained colorless. The stained inclusions 
generally occurred singly or in aggregates and 
many of them could be seen within vacuoles. Their 
characteristic pink to purplish red color changed 
one to two hours later to a bluish color. By this 
time the usual cytoplasmic granules also had 
taken on a bluish color and eventually both the in- 
clusions and the granules indiscriminately as- 
sumed a deep blue color. The reticular cells fre- 
quently contained phagocytosed fragments of dis- 
integrated cells. During the first hour of staining 
with brilliant cresyl blue these ingested fragments 
remained colorless. After an hour or more, in com- 
mon with the cellular inclusions and granules, they 
also stained a light blue and eventually a deep 
blue. In the prolonged presence of the dye the cells 
became diffusely blue and were killed; however, if 
the dye was washed out of the culture with Ringer’s 
solution at an early period when only the red 
colored inclusions were visible, the cells remained 
viable. In these preparations with a minimum of 
the dye the red color of the inclusions persists for 
a long time and tends to fade out within 24 hours 
of incubation of the cultures. 

Figures 7, 8, 9, 10 and 11 are photomicrographs 
of living cells in cultures of Hodgkin’s nodes 
during the early period of staining with brilliant 
cresyl blue. Aggregated inclusions are seen in 
several lymphocytes in Figures 7 and 8 and in 
reticular cells in Figures 9 and 10. Figure 11 is a 





Fics. 1 to 3.—Figs. 1, 2, and 3 are from tissue cultures 
of Hodgkin’s lymph nodes in moderately advanced stage. 

Fic. 1.—Margin of explant of a 48 hour culture. 
Hematoxylin-eosin stain. The zone of outgrowth shows 
Sternberg-Reed cells among reticular cells, lymphocytes 
and fibroblasts. 160. 

Fig. 2.—Whole culture after 72 hours cultivation. 


Hematoxylin-eosin stain. Large and small areas of lique- 
faction of medium adjacent to densely stained explant. 
xX 55. 

Fic. 3.—Part of zone of outgrowth of a 72 hour living 
culture showing Sternberg-Reed cells of various sizes, 
many reticular cells and lymphocytes. Many cells disinte- 
grated. X650. 
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Fics. 7, 8, 9, and 10.—Kach figure represents living 
cells in cultures of Hodgkin’s diseased lymph nodes, 15 
minutes after vital staining with 1:59,000 brilliant cresyl 
blue. Figs. 7 and 8 show lymphocytes, 1200. Figs. 9 and 
10 show reticular cells, 600. All cells show single and ag- 
gregated deeply stained inclusions. 
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: Fias. 4, 5, and 6.—Each figure shows a multinucleate 
| Sternberg-Reed cell in the outgrowths of cultures of 
Hodgkin’s diseased lymph nodes. Fig. 5 shows several 
binucleate reticular cells. Hematoxylin, no counterstain. 


X800. 
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photograph of a giant cell showing a deeply 
stained central. zone surrounded by about 15 
nuclei. Figure 12 is a higher magnification showing 
a part of the central zone of the same cell. The 
structure of this zone can be seen to be composed 
of irregularly shaped, agglutinated clumps and 
inclusions, many of which are within vacuoles. 
These cells are being considered as Sternberg-Reed 
cells in which the nuclei have increased in number 
in the tissue culture environment. As the life of 
the culture progresses this cell type becomes larger 
and more numerous. They are not observed in cul- 
tures of normal nodes. 

The specificity of the brilliant cresyl blue stain 
is In contrast to the indiscriminate coloration of 
neutral red. Neutral red (1:10,000) vitally colors 
all cytoplasmic granules and vacuoles. Janus 
Green (1:20,000) stains only the mitochondria. 

Many cultures of lymphosarcoma, lymphad- 
enitis and normal lymph nodes were also vitally 
stained with brilliant cresyl blue. The outgrowing 
cell elements in these cultures did not show the 
typical light red to purplish red cytoplasmic in- 
clusions. The only coloration observed was a pale 
bluing of the granules which gradually deepened 
to a dark blue similar to that which occurred in 
all cultures. 


2. Fixed and Stained Preparations 


Fixed cultures of Hodgkin’s nodes, normal and 
non-Hodgkin’s pathological nodes were stained 
with Sellers’ virus stain and, for comparison, with 
hematoxylin-eosin. With Sellers’ stain of the 
Hodgkin’s cultures the reticular cells, lympho- 
cytes and a few fibroblasts show deep red cyto- 
plasmic clumps and inclusions within vacuoles. 
The inclusions took on the red color of the basic 
fuchsin while the nuclei and the usual cytoplasmic 
granules, the deep blue of methylene blue. These 
inclusions closely resembled morphologically those 
seen in sister cultures vitally stained with brilliant 
cresyl blue. Figure 13 shows a Sternberg-Reed 
cell after Sellers’ stain. The granular nature of the 
central zone is distinct. The central zone possesses 
distinct inclusions and aggregates. There are also 


to be seen stained inclusions in an extended 
pseudopodium. 

The Giemsa stain also demonstrated the char- 
acteristic cytoplasmic inclusions in the Hodgkin’s 
node cultures. However, the resulting reddish color 
could not be clearly distinguished from the other 
granules which stained somewhat similarly. The 
hematoxylin-eosin does not differentiate the char- 
acteristic cytoplasmic inclusions and aggregates 
seen with Sellers’ stain. With hematoxylin-eosin 
the central zone of some of the cells of the Stern- 
berg- Reed type stain uniformly basophilic. 

Sellers’ stain was also used on a series of cul- 
tures of lymphosarcoma, leukemia, lymphadenitis 
and normal lymph nodes. None of these exhibited 
the typical red staining cell inclusions and aggre- 
gates characteristic of Hodgkin’s cultures. 

Some of the Hodgkin’s cultures were treated 
with Feulgen’s method. The specific cytoplasmic 
inclusions seen with Sellers’ stain could not be 
demonstrated, indicating that they are Feulgen 
negative. 


C. Errect OF THE SUPERNATANT FLUID FROM FLASK 
CuLTURES OF HopGKIN’s AND Non-HopGKINn’s 
Nopges on NorMAL Human Lympu Nopss IN VITRO 


Fragments of normal nodes were cultivated on 
cover-slips for forty-eight hours. These showed a 
luxuriant outgrowth of lymphocytes with a lesser 
number of reticular cells and a few fibroblasts. 
The cultures were washed in Ringer’s solution and 
a drop was added of fresh nutrient medium con- 
sisting of one part chicken plasma, three parts 
human serum, one part chick embryo extract, and 
one part of supernatant fluid from Hodgkin’s node 
flask cultures. The cultures were reincubated for 
twenty-four hours. Some were then vitally stained 
with brilliant cresyl blue. Within fifteen minutes 
many reticular cells and lymphocytes showed light 
red to purplish red inclusions and aggregates. 
After an additional twenty-four hours’ cultivation 
other cultures were also vitally stained. Many 
more cells now showed inclusions similarly 
colored. At this time degeneration of cellular ele- 
ments and a liquefaction of the medium began to 





Figs. 11.—This is a living multinucleated giant cell ina cul- 
ture of a Hodgkin’s node 15 minutes after vital staining with 
brilliant cresyl blue (1:50,000), showing densely stained cen- 
tral zone. Many nuclei are seen around this zone. 365. 

Fic. 12.—This is a part of the central zone of the same cell 
shown in Fig. 11 under higher magnification. Single inclusions 
within vacuoles and aggregated clumps are clearly visible. 
x 1800. 

Fig. 13.—This is a large Sternberg-Reed cell in the out- 


growth of a culture of a Hodgkin’s node. Sellers’ stain. The cen- 
tral area shows many inclusions within vacuoles. The inclusions 
are also seen in an extended pseudopodium. The nuclei vary in 
size and shape. 365. 

Fic. 14.—This figure shows two living reticular cells in a 
72 hour culture of a normal human lymph node exposed to su- 
pernatant fluid from a flask culture of a Hodgkin’s diseased 
node. Fifteen minutes after vital staining with brilliant cresy] 
blue (1:50,000). Single inclusions within vacuoles and aggre- 
gations are seen. 490. 
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be evident. Figure 14 is a highly magnified photo- 
graph from a 72 hour culture vitally stained show- 
ing reticular cells with numerous inclusions and 
aggregates. Sister cultures fixed and stained with 
Sellers’ showed similar inclusions in the reticular 
cells and lymphocytes. 

The cultures, in their staining characteristics 
and degenerative changes, closely resembled cul- 
tures of Hodgkin’s nodes in moderately advanced 
stages of the disease. Many of the cultures sur- 
vived ten days or more and others disintegrated 
completely within a week. In none of the cultures 
so treated was there any evidence of the Sternberg- 
Reed type of giant cells. The relation between the 
effects noted in the inoculated cultures of the 
normal lymph nodes and the pathological stages 
of the Hodgkin’s nodes from which the supernate 
was obtained is being further investigated. 

Supernatant fluids were also collected from 
flask cultures of lymphosarcoma, lymphadenitis 
and of normal nodes. These fluids added to cul- 
tures of normal lymph nodes produced none of the 
effects noted with the supernatant fluids from 
Hodgkin’s node cultures. Some of these treated 
cultures of the normal nodes were vitally stained 
with brilliant cresyl blue and others were fixed and 
stained with Sellers’. Neither method demon- 
strated the presence of the typical cytoplasmic in- 
clusions. Growth proceeded normally and did not 
differ from the untreated cultures of normal 
lymph nodes. 


DISCUSSION 


The tissue culture method, as a new approach 
to the problem of Hodgkin’s disease, has made 
possible not only the identification of character- 
istic features of the cellular elements of Hodgkin’s 
tissue but also a means of transmitting these 
characteristics to cultures of normal lymph nodes. 

Our findings that cultures of Hodgkin’s lymph 
nodes undergo a relatively rapid and progressive 
degeneration suggest the presence of an agent in- 
jurious to the cultured cells. This is in contrast to 
the much longer and healthy survival of cultures 
of lymphosarcoma, lymphadenitis and normal 
lymph nodes. The longevity of tissue cultures of 
human true neoplastic tissue is well recognized. 
In our extensive experience with such tissues the 
cells proliferate and remain true to type during a 
long period of months or more of their cultivation. 
The foregoing does not support the claim that 
Hodgkin’s disease is a primary neoplasm as has 
been made by, e.g., Mallory (9), Medlar (11), 
Warthin (19) and Bersack (2). The bacterial 
etiology of Hodgkin’s disease has been frequently 





proposed. However, the tissue culture medium 
provides an ideal environment for bacterial 
growth and if the tissue fragment composing the 
explant had contained bacteria these would have 
been very evident in the culture. Bacterial stain- 
ing of the cultures were consistently negative. 

A plant parasite has been suggested by Kuczyn- 
ski and Hauck (8) with the claim that the Stern- 
berg-Reed cell is the carrier of the parasite. They 
show numerous figures of the cells containing in- 
clusion bodies which they interpret as plant para- 
sites in different stages of growth and degenera- 
tion. They believe this parasite which produces an 
infective granuloma to be a form intermediate be- 
tween an actinomyces and a tubercle bacillus. 
Barron (1) agrees with the parasitic etiology of 
the disease but considers that the organism is an 
animal parasite. A further discussion on the para- 
sitic etiology of the disease is given by Hoster and 
Dratman (7). 

Many investigators have suggested a virus as 
the causative agent of Hodgkin’s disease. The 
controversial nature of the concept of the virus 
etiology is evident in the many publications which 
have appeared. Twort (16) suggested that a virus 
is the etiological factor in Hodgkin’s disease. 
Later, Gordon (5) reported that the lymph nodes 
of Hodgkin’s disease contain a specific pathogenic 
agent and a broth suspension of the macerated 
lymph node injected into rabbits intracerebrally 
produces a characteristic encephalitis. In many 
cases the animals died. This syndrome he could 
not produce with suspensions of other lymphomas. 
He suggested that the encephalogenic agent was 
a virus and pointed out its similarity to such 
viruses as vaccinia and herpes which produee an 
encephalitis in animals. Gordon’s belief that he 
was dealing with a virus-like agent was supported 
by his findings that the agent has certain physical 
properties characteristic of viruses. He was unable 
to show that the agent was filterable. Van Rooyen 
(17), by using filters under special conditions was 
able to pass Gordon’s agent and obtained an active 
filtrate. He also showed by physical and chemical 
tests that the agent resembles a virus. On the other 
hand, Turner, Jackson and Parker (15) ascribe the 
encephalogenic effect to the presence of eosino- 
philes in the tissue. Our investigations support the 
conception of a virus etiology of this disease. The 
cytoplasmic inclusions which we have consistently 
found in the Hodgkin’s cultures closely resemble 
morphologically those described in cells infected 
with known viruses. 

All the lymph nodes described in this report were 
cultivated in the usual medium containing chicken 








Re a ees 



































SSR iain ete on er ken ose 


GrAaND—Hodgkin’s Disease in Tissue Culture 191 


—_—_——_—--— 





material. The possibility that the chicken material 
per se is the source of a virus agent, such as 
lymphomatosis, is to be discounted because of the 
fact that the control cultures of non-Hodgkin’s 
nodes were also grown in the same material. These 
did not show the characteristics we have found in 
the Hodgkin’s cultures. The early and peculiar 
cellular degeneration noted in Hodgkin’s cultures 
can be accounted for by the injurious effect of that 
type of virus which causes cellular damage. Since 
viruses are known to multiply rapidly in tissue 
cultures the extraordinary degeneration of Hodg- 
kin’s cultures speaks for an overwhelming virus 
infection of the cultures. 

In the cultures the Sternberg-Reed cells dis- 
integrate along with the wandering cells. In con- 
trast, the fibroblasts remain viable, multiply 
rapidly and can be maintained for long periods. 
The selectivity of the degenerative agent for 
lymphocytes, reticular cells and Sternberg-Reed 
cells as opposed to the fibroblasts is another argu- 
ment that the destructive agent is virus-like in 
nature. 

Liquefaction of the medium is an outstanding 
feature in Hodgkin’s node cultures. This was also 
observed by Mankin (10) in an extensive tissue 
culture study of Hodgkin’s nodes. Lysis of the 
plasma clot does occur in cultures of some normal 
and neoplastic tissues but in our experience has 
not been so prominent as in the Hodgkin’s cul- 
tures. It was noted that the greater the number of 
reticular cells in the outgrowths of Hodgkin’s cul- 
tures the more extensive is the liquefaction of the 
medium. From this it is inferred that the lysis of 
the medium 1s due to the liberation of proteolytic 
enzymes from the disintegrating reticular cells. 
By contrast, it is of interest to note that reticulum 
cell sarcomas grow luxuriantly in tissue culture. 


‘Here the reticulum cells in the outgrowth do not 


degenerate and there is little or no liquefaction of 
medium. 


SUMMARY 


1. Tissue cultures of Hodgkin’s lymph nodes 
stained with brilliant cresyl blue, vitally, and with 
Sellers’ stain after fixation, demonstrate the 
presence of specific cytoplasmic inclusions in 
reticular cells, lymphocytes, Sternberg-Reed cells 
and a few fibroblasts. These inclusions were not 
found in cultures of normal nodes, lymphosar- 
coma, leukemia and lymphadenitis. 

2. Cell-free supernatant fluid from cultures of 
Hodgkin’s nodes added to cultures of normal 
lymph nodes causes the appearance, in the cells of 
the outgrowth, of cytoplasmic inclusions similar 
to those found in cultures of Hodgkin’s nodes. 


3. The cytoplasmic inclusions which specifical- 
ly stain with brilliant cresyl blue and Sellers’ stain 
appear as small bodies within vacuoles. The inclu- 
sions are frequently aggregated into masses. 

4. Cellular degeneration and liquefaction of the 
medium are characteristic for cultures of Hodg- 
kin’s nodes and of normal lymph nodes exposed to 
supernatant fluid from Hodgkin’s node cultures. 

5. Liquefaction of medium is most prominent 
in cultures of those Hodgkin’s nodes in which 
reticular cells predominate. 

6. Two types of giant cells appear in cultures of 
Hodgkin’s nodes. During the early life of the cul- 
tures, cells with three to five nuclei are seen in the 
outgrowth near the explant. These have been desig- 
nated Sternberg-Reed cells. In older cultures there 
commonly appear many very large multinucleated 
giant cells. The large multinucleated giant cells 
are also seen occasionally in cultures of lymphad- 
enitis known to be of infectious origin. 

7. Sternberg-Reed cells were observed in cul- 
tures of Hodgkin’s nodes and not in cultures of the 
other lymphomas. 


CONCLUSION 


The characteristics of Hodgkin’s lymph nodes 
in tissue culture and the transmission of some of 
these characteristics to cultures of normal lymph 
nodes suggest that Hodgkin’s disease is inflamma- 
tory in nature. 
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